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PREFACE. 


In  the  First  Volume  I  have  very  fully 
treated  on  Practical  Geometry.  This 
it  is  the  object  of  the  present  Volume  to 
apply,  in  the  solution  of  various  useful 
problems,  in  the  several  branches  of  our 
art. 

I  have  first  shown  the  method  of  de- 
scribing Arches  of  every  kind.  It  is 
unnecessary  to  enlarge  on  the  importance 
of  this  curious  and  interesting  part  of  the 
subject.    To  understand  it  thoroughly, 
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the  artist  must  take  care  to  verse  himself 
well,  not  only  in  plain  Geometry,  but  in 
the  properties  of  the  various  species  of 
Curves  produced  by  the  different  Sections 
of  the  Cone.  I  have  endeavoured  to 
explain  them  with  as  much  brevity  and 
perspicuity  as  possible;  and  I  think  the 
methods  I  have  given  are  more  general, 
as  well  as  more  easy,  than  those  hitherto 
made  public. 

I  have  next  explained  the  manner  of 
describing  both  Grecian  and  Roman 
Mouldings,  by  applying  the  general 
principles  of  the  Ellipsis,  Parabola,  and 
Hyperbola,  to  this  particular  subject. 
From  these  curves  are  produced  an 
infinite  variety  of  the  most  beautiful 
figures,  from  the  arrangement  of  which, 
with  a  judicious  intermixture  of  plane 
surfaces,  are  derived  all  that  beauty  and 
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grandeur,  which  the  various  orders  of 
Architecture  exhibit. 


The  methods  given  by  Palladio  and 
Goldman  for  describing  Spiral  Lines 
with  compasses,  are  extremely  limited ; 
being  always  confined  to  three  revolu- 
tions in  the  given  height,  with  the  eye 
one  eighth  part  of  the  whole  height. 
To  supply  this  defect,  I  have  invented 
a  method,  easy  in  its  description,  and 
universal  in  its  application;  which  admits 
of  any  number  of  revolutions  whatever  in 
any  given  height,  touching  the  eye  at 
the  end  of  those  revolutions  whose  di- 
ameter is  any  line  given,  not  exceeding 
the  height  of  the  spiral.  These  methods 
may  answer  very  well  in  describing 
the  volutes  of  the  Roman  and  Grecian 
Ionic  Order,  where  they  consist  of  a 
single  fillet,  or  a  fillet  and  bead;  but 
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in  describing  the  Grecian  volute  on 
the  Temple  of  Erechtheus  at  Athens, 
the  proportional  spiral  only  can  be 
properly  employed.  I  have  made  several 
attempts  to  find  a  method  for  drawing 
this  curve  by  a  continued  motion,  but 
have  not  hitherto  been  able  to  satisfy 
myself.  However  I  have  shown  how  to 
obtain  any  given  number  of  points, 
through  which  the  curve  may  be  drawn 
with  sufficient  accuracy.  It  may  indeed 
be  done  accurately  enough  for  common 
practice  by  having  a  point  in  each 
quadrant,  since  the  evolute  of  the  pro- 
portional spiral  is  a  proportional  spiral 
also,  and  therefore  centres  may  be  found 
in  the  evolute,  and  the  spiral  drawn  with 
a  compass  as  before. 


The  ICHNOGRAPHY   AND  ElEVATION 

OF  Objects  being  necessary  to  represent 
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their  true  outline  in  all  the  varieties 
of  position  to  the  projecting  plane, 
I  have  given  instructions  for  them, 
and  then  proceed  in  the  last  place  to 
treat  of  the  Projection  of  Shadows: 
a  subject  hitherto  entirely  neglected 
by  writers  on  Architecture,  notwith- 
standing its  importance  in  orthographical 
or  geometrical  designs.  Our  notions  of 
the  effect  of  any  design  must  certainly 
be  more  correct  when  the  drawing 
from  which  our  judgment  is  to  be 
formed  is  a  true  picture  of  nature, 
than  when  it  is  shaded  merely  according 
to  the  whim  of  the  artist,  without 
any  reference  to  established  rules.  The 
disposition  of  shadows  in  nature  is 
not  arbitrary.  The  rays  of  light  are 
regular  in  their  procession,  and  it  re- 
quires only  care  and  attention  to  discover 
the   laws    by    which    the  interruption 
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of  them  is  directed  and  limited.  In 
perspective  drawings,  where  we  gene- 
rally see  the  ceilings  and  soffits,  this  is 
not  so  important ;  but  in  orthographical 
elevations,  we  can  only  judge  of  the 
projectures  by  the  breadth  of  the  sha- 
dows which  ought  therefore  to  be  exactly 
proportioned. 


P.  Nicholson. 
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THE  APPLICATION  OF  GEOMETRY  TO  ARCHITEC- 
TURE, IN  DESCRIBING  ELLIPTICAL  AND  GOTHIC 
ARCHES,  AND  FINDING  THE  JOINTS  FOR  CON- 
STRUCTING THEM  ;  ALSO,  IN  DRAWING  OF 
MOULDINGS  OF  VARIOUS  DEGREES  OF  CUR- 
VATURE, &C. 

DEFINITIONS. 

1.  An  Arch,  in  Architecture,  is  a  number  of 
stones,  or  any  other  mass  of  matter,  capable  of  being 
built  over  a  hollow  space,  in  the  form  of  some  curve  ; 
such  as  a  semicircle,  a  semiellipsis,  a  parabola,  an  hy- 
perbola, or  a  catenarian,  8cc.  or  any  part  of  these  curves. 

2.  A  simple  arch  is  a  continuation  of  the  same  curve 
throughout  the  whole ;  such  as  a  segment  of  a  circle, 
or  a  segment  of  an  ellipsis,  a  parabola,  &c. 

3.  A  compound  arch  is  that  which  is  not  a  conti- 
nuation of  the  same  curve,  as  is  generated  by  a  conti- 
nued motion :  thus,  two  segments  of  a  circle,  of  a 
different  radius,  joined  together,  touching  a  straight 
line  at  the  point  of  their  junction,  is  a  compound  arch. 
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4.  A  gothic  arch,  in  general,  is  formed  of  two  seg- 
ments of  the  same  species  of  curve,  meeting  in  a 
point  at  the  top,  called  the  vertex,  and  whose  extre- 
mities in  general  touch  parallel  planes,  perpendicular 
to  the  horizon. 

Gothic  arches  may  be  made  of  two  segments  of  a 
circle,  or  two  segments  of  an  ellipsis,  &c. 

5.  A  right  arch  is  such,  that  the  extremities  spring 
from  two  planes,  which  are  tangents  to  the  arch  at  the 
intersection  of  a  given  horizontal  plane,  and  the  two 
tangential  planes  being  equally  inclined  to  vertical 
planes  passing  through  their  intersections. 

6.  An  oblique  or  rampant  arch  is  such,  that  the  ex- 
tremities spring  from  the  intersections  of  two  planes, 
equally  inclined  to  the  horizon,  which  are  tangents  to 
the  arch  at  their  intersection  with  another  plane, 
inclined  in  any  given  angle  to  the  horizon.^ 


*  The  Author  having  extended  the  plan  of  this  work  much 
beyond  his  original  intention,  and  he  hopes  greatly  to  the 
student's  advantage;  in  consequence  of  which,  all  the 
Plates  in  this  edition  are  numbered  in  regular  succession, 
in  order  that  the  subjects  of  the  work  may  follow  each 
other  with  precision. 
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Plate  59.  Fig.  1. 
To  describe  the  circumference  of  a  circle  of  a  given  radius 
GU  through  a  given  point  D,  to  touch  a  given  circle 
ABC,  whose  centre  is  F ;  provided  that  the  sum  of  the 
difference  between  the  two  given  radiusses^  and  the  radius 
of  the  required  circle,  shall  exceed  a  straight  line,  drawn 
from  the  given  point  to  the  centre  of  the  circle  given  in 
position. 

Join  F  D ;  from  G  H,  cut  off  the  part  G  I,  equal  to 
tlie  radius  of  the  circle  A  B  G,  and  with  the  difference 
I  H,  on  the  centre  F,  describe  an  arc  at  E  ;  on  D,  as 
a  centre  with  a  radius  G  H,  describe  an  arc  cutting  the 
former  at  E  ;  lastly,  on  E,  as  a  centre  with  the  distance 
E  D,  describe  a  circle,  it  will  touch  a  circle  A  B  C,  as 
was  required. 

Fig.  2. 

To  describe  a  circle,  to  touch  a  given  circle  ABC,  whose  cen^ 
tre  is  K,  and  to  touch  a  given  straight  line  D  E,  in  the  point  F. 

From  F,  draw  F  I,  perpendicular  to  D  E  j  from  the 
point  F,  and  from  the  line  F  I,  cut  off  the  part  F  G, 
equal  to  the  radius  of  the  circle  ABC;  join  K  G,  and 
bisect  it  by  a  perpendicular,  cutting  F  I,  at  I ;  through 
the  points  I  and  K,  draw  the  straight  line  I K  A ;  lastly, 
with  the  radius  I  A,  or  I F,  describe  the  circle  required. 

Fig.  3. 

To  describe  a  circle,  to  touch  a  given  circle  ABC,  whose 
centre  shall  be  in  a  given  straight  line  FE,  and  pass 
through  a  given  point  F  in  that  line. 

Through  D,  the  centre  of  the  given  circle  ABC, 
draw  D  A,  parallel  to  F  E,  cutting  the  circumference 
of  the  circle  ABC  at  A ;  through  the  points  A  and  F, 
draw  the  straight  hne  A  F  B,  cutting  the  circumfer- 
ence of  the  circle  A  B  C  at  B  ;  draw  the  straight  line 
BED,  cutting  F  E  at  E ;  then  on  E,  as  a  centre  with 
the  distance  E  B,  or  E  F,  describe  the  circle  required. 
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Plate  60.    Fig.  1,  2,  and  3. 

To  describe  a  parabola  by  means  of  tangents,  having  a  double 
ordinate  A  B,  and  a  diameter  E  D     that  double  ordinate. 

Produce  the  diameter  D  E  towards  C ;  make  E  G 
equal  to  E  D ;  join  A  C  and  B  C,  divide  each  of  the 
lines  A  C  and  B  C  into  a  like  number  of  equal  parts, 
and  join  the  corresponding  points  of  the  divisions,  and 
it  is  done. 

Although  any  mathematical  reader  may  easily  prove 
that  a  figure  described  in  this  manner  is  a  parabola ; 
yet  such  is  the  ignorance  of  many  architects,  and  of 
workmen  in  general,  that  they  pretend  they  can  by  this 
method  describe  a  figure  almost  of  any  form  they  please. 

If  the  parabola  be  very  flat,  as  in  Fig.  3,  it  may  be 
used  in  practice,  without  any  sensible  error,  for  the 
segment  of  a  circle ;  or  it  may  be  described  as  in  Fig.  4, 
by  describing  each  half  of  the  figure  as  before  j  it  has 
also  been  applied  in  describing  an  ellipsis,  as  is  shown 
at  Fig.  5 ;  but  the  difference  of  a  figure  compounded 
of  parabolas  from  the  true  ellipsis,  is  very  visible  to 
every  discerning  eye,  as  is  shown  in  Fig.  5,  where 
the  inside  curve  is  an  ellipsis  taken  from  Fig.  6  ;  the 
parabolic  curve  seems  more  particularly  adapted  to  the 
description  of  gothic  arches,  as  applied  in  some  of  the 
following  examples. 

Fig.  7,  is  another  ridiculous  application  of  parabolic 
curves,  in  order  to  produce  the  form  of  an  egg,  or 
oval ;  but  to  an  eye  that  has  been  accustomed  to  curves, 
generated  by  a  continued  motion  of  an  instrument, 
this  curve  is  very  ungraceful. 

Fig.  8,  shov/s  a  method,  by  means  of  sines,  of 
inscribing  an  ellipsis  within  a  trapezoid. 
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Plate  61.    Fig.  1. 

To  find  the  joints  of  an  arch  A  B  D,  that  is  the  segment  of 
a  circle. 

Divide  the  arch  into  as  many  equal  parts  as  you  in- 
tend to  have  joints  :  to  make  a  joint  at  any  point  dj 
that  is  not  at  one  of  the  extremes  of  the  arch,  take  any 
two  equal  distant  points  a  and  b,  on  each  side  of  the 
point  d;  and  w^ith  any  radius  greater  than  b  d,  or  da, 
on  the  points  b  and  a,  as  centres,  describe  two  arcs, 
cutting  each  other  at  c;  draw  c  d,  and  it  will  be  one  of 
the  joints  at  the  point  d;  in  the  same  manner  find  all 
the  other  joints  except  the  two  extremes,  which  may 
be  found  as  follows.  Suppose  it  were  required  to  find 
the  extreme  joint  at  B,  take  any  distance  dc,  on  any 
one  of  the  joints  that  is  found,  and  with  that  radius  on 
B,  describe  an  arc  at  e;  and  with  the  distance  B  C,  on 
the  point  d  describe  an  arc  cutting  the  former,  and 
draw  E  B,  and  it  will  be  the  joint  required. 

Fig.  3. 

To  find  the  joints  of  an  elliptic  arch  A  B  D« 

Find  the  foci  E  and  F,  by  Prob.  I.  Page  22,  Vol.  I.; 
then,  to  draw  a  joint  through  any  point  G,  in  the  arch, 
draw  the  straight  lines  FGa  and  E  G  6 ;  and  bisect  the 
angle  aGbhy  the  line  cG,  and  it  will  be  a  joint  at 
the  point  G:  in  the  same  manner  all  the  other  joints 
may  be  found. 

Fig.  2,  is  an  arch  made  of  the  sectors  of  circles, 
representing  an  elliptical  arch,  the  joints  in  any  of  the 
sectors  will  be  found,  by  drawing  them  to  their  cor- 
responding centres. 
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Plate  62.    Fig.  1. 

To  draw  a  gothic  arch  of  any  height  C  D,  and  width  A  B, 
and  to  touch  two  given  lines  D  G  and  D  H,  making  equal 
angles  with  C  D. 

Draw  A  G  and  B  H  perpendicular  to  A  B,  cutting 
D  G  and  D  H,  at  G  and  H ;  join  G  H,  cutting  C  D  at 
E ;  then  apply  the  distance  E  D,  from  C  to  F,  in  the 
same  straight  line  ;  join  FB  and  FA;  divide  each  of 
the  lines  F  B,  and  F  A,  A  G  and  B  H  into  a  like  num- 
ber of  equal  parts,  draw  lines  through  the  points  1,  2, 
3,  4,  5,  in  AG  and  B H  to  the  vertex  D ;  also  draw 
lines  through  the  points  1,  2,  3,  4,  5,  in  the  lines  AF 
and  B  F  to  I,  cutting  the  former,  as  is  shown  in  the 
figure,  and  these  will  be  the  points  in  the  curve. 

If  the  point  E  be  distant  from  C  more  than  one  half 
of  C  D,  the  two  sides  of  the  gothic  arch  will  be  two  parts 
of  an  ellipsis  ;  but  if  the  point  E  falls  in  the  middle  of 
C  D,  then  the  two  sides  of  the  arch  are  parabolical ; 
lastly,  if  E  fall  under  one  half  of  C  D,  then  each  side 
of  the  arch  is  hyperbolical. 

Fig.  2. 

The  same  things  being  given,  to  describe  the  representation 
of  such  an  arch  with  a  compass. 

Make  A I  equal  to  A  G;  and  describe  on  I,  with  the 
radius  I  A,  a  part  of  a  circle  AOL;  then  describe  a 
circle  to  touch  the  straight  line  D  G,  at  the  point  D, 
and  the  circle  AOL,  and  it  will  complete  one  side  of 
the  arch,  the  other  side  may  be  completed  in  the  same 
manner,  as  is  plain  by  the  figure. 
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Plate  63.    Fig.  1,  2,  and  3. 

To  describe  parabolical  gothic  arches^  whether  right  or  ram- 
pant ^  to  any  two  lines  meeting  at  the  vertex ;  and  also  to 
touch  any  two  lines  from  the  ends  of  the  arch. 

Proceed  with  each  half  of  the  arch,  as  in  Plate  60, 
Page  4;  that  is,  describe  a  parabola  on  each  side,  and 
it  is  done. 


8 


ARCHES. 


iPLATE  64.    Fig.  1. 

To  describe  a  gothic  arch  by  finding  points  in  the  curves, 
the  tangent  D  E  and  D  F,  at  the  vertex  of  the  arch  being 
given. 

Join  D  A  and  D  B,  and  bisect  them  at  the  points  G 
and  H;  join  also  EG  and  HF;  bisect  them  at  the 
points  K  and  I ;  then  will  the  lines  K  G  and  H  I,  be 
diameters ;  D  A  and  D  B  will  be  a  double  ordinate 
corresponding  to  each ;  (then  by  Prob.  I.  Page  34, 
Vol.  I.)  describe  each  parabola,  and  they  will  form 
the  gothic  arch  required. 

Fig.  2. 

To  find  the  joints  of  a  gothic  arch  described  as  above. 

Suppose  it  was  required  to  draw  a  joint  to  a  given 
point  a ;  through  a,  draw  a  c,  parallel  to  A  D,  cutting 
the  diameter  EG,  at  c ;  from  the  point  d,  where  E G 
cuts  the  arch,  make  de  equal  to  do;  join  ea,  and  it 
will  be  a  tangent  at  the  point  a;  a  line  drawn  through 
a,  perpendicular  to  ae,  will  be  the  joint  sought;  in  the 
same  manner  all  the  other  joints  are  to  be  found. 

The  joints  are  to  be  found  in  Fig.  3,  in  the  same 
manner. 


MOULDINGS. 


DEFINITIONS, 

1.  Mouldings  are  figures  composed  of  va- 
rious curves  and  straight  lines. 

If  the  mouldings  are  only  composed  of  parts  of  a 
circle,  and  straight  lines,  they  are  called  Roman,  be- 
cause the  Romans,  in  their  buildings,  seldom  or  never 
employed  any  other  curve  for  mouldings  than  that  of 
a  circle ;  but  if  a  moulding  be  made  of  part  of  an  el- 
lipsis, or  a  parabola,  or  an  hyperbola,  the  mouldings 
are  then  in  the  Grecian  taste. 

Corollary,  Hence  it  appears,  that  mouldings  in 
the  Greek  taste  are  of  a  much  greater  variety  than 
those  of  the  Roman,  where  only  parts  of  circles  are 
concerned. 

Mouldings  have  various  names,  according  to  the 
manner  in  which  they  are  curved. 

2.  The  straight  lined  part  under  or  above  a  mould- 
ing in  general,  is  called  a  fillet. 

3.  If  the  contour  of  the  moulding  be  convex,  and 
a  part  of  a  circle  equal  to,  or  less  than  a  quadrant, 
then  the  moulding  is  called  a  Roman  ovolo,  or  an 
echinus,  such  as  Fig.  2,  Plate  66. 
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4.  If  the  contour  of  the  moulding  be  concave,  and 
equal  to  or  less  than  a  quadrant,  it  is  called  a  cavetto^ 
or  hollow,  such  as  Fig.  3,  Plate  66. 

Corollary,  Hence  a  cavetto  is  just  the  reverse  of 
an  ovolo. 

5.  A  bead  is  a  moulding,  vvrhose  contour  is  simply 
a  convex  semicircle. 

6.  If  the  contour  be  convex,  and  a  complete  semi- 
circle, or  a  semiellipsis,  having  a  fillet  above  or  below 
it,  the  moulding  is  called  a  torus,  as  Fig.  1,  Plate  66. 

Corollary,  Hence  a  torus  is  a  bead  with  a  fillet ; 
and  is  more  particularly  distinguished  in  an  assemblage 
of  mouldings  from  a  bead,  by  its  convex  part  being 
much  greater. 

7.  If  the  contour  of  a  moulding  be  a  concave  semi- 
elUpsis,  it  is  called  a  scotia,  as  Fig.  6,  Plate  68. 

8.  If  the  contour  be  convex,  and  not  made  of  any 
part  of  a  circle,  but  of  some  other  of  the  conic  sections, 
having  a  small  bending  inwards  towards  the  top,  the 
moulding  is  called  a  Grecian  ovolo,  or  echinus,  such 
as  Fig.  1,  2,  3,  4,  5,  and  6,  Plate  67. 

9.  If  the  contour  be  partly  concave,  and  partly 
convex,  the  moulding  in  general  is  called  a  cimatium ; 
such  as  Fig.  4,  5,  6,  and  7,  Plate  65 ;  also  Fig.  5  and 
6,  Plate  66. 
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10.  If  the  concave  part  of  the  curve  project 
beyond  the  convex  part,  the  cimatium  is  called  a 
cimarecta ;  such  as  Fig.  4,  Plate  65. 

11.  If  the  convex  part  project  beyond  the  concave, 
the  cimatium  is  called  a  cimareversa,  or  ogee. 

12.  The  bending,  or  turning  inwards,  of  a  small 
part  of  the  convex  curve  of  a  Grecian  moulding,  is, 
by  workmen,  called  a  quirk. 
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Plate  66.    Fig.  1. 
To  describe  a  torus. 
Bisect  the  diameter  at  a;  on  it  with  the  radius, 
describe  a  semicircle,  and  it  is  done. 

Fig.  2. 

To  describe  an  ovolo  in  the  Roman  taste;  the  projections  at 
a  and  b  being  given  at  each  extreme  of  the  curve. 

Take  the  height  of  the  moulding ;  on  the  points  a  and 
h  as  centres,  describe  an  arc  at  c ;  on  c,  as  a  centre 
with  a  radius  c  a  or  cb,  describe  the  arc  a  b,  and  it  will 
be  the  contour  of  the  moulding  required. 

Fig.  3. 

To  describe  a  cavetto,  having  the  extremes  of  the  curve. 
The  cavetto  is  described  in  the  same  manner,  but 
on  the  opposite  side. 

Fig.  4. 

To  describe  a  holloiv,  to  touch  with  two  straight  lines  b  d 
and  d  a,  one  of  them  at  a  given  point  a. 

Let  d  be  the  point  of  their  meeting ;  make  db  on  the 
other  line,  equal  to  da;  from  the  points  a  and  b,  draw 
perpendiculars  to  each  of  the  lines  db  and  da,  meet- 
ing at  c ;  on  c,  as  a  centre,  with  the  radius  c  b,  or  c  a, 
describe  an  arc  b  a,  and  it  is  done. 

Fig.  5. 

To  describe  a  cimarecta,  the  projections  at  a  and  b  being 
given. 

Join  ab;  bisect  it  at  e ;  then  on  the  points  a  and  b, 
describe  arcs  meeting  each  other  on  the  opposite  sides 
at  c  and  tf:  on  the  points  c  and  d,  with  the  same  radius, 
describe  the  opposite  curves  ae  and  ed,  and  it  is  done. 

Fig.  6. 

The  cimareversa  is  described  in  the  same  manner, 
but  in  an  opposite  direction. 
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ELLIPTIC  MOULDINGS. 

Plate  67.    Fig.  1. 
To  describe  the  Grecian  echinus,  or  ovolo ;  the  tangent  A  B 
at  the  bottom,  the  point  of  contact  A,  and  the  greatest 
projection  of  the  moulding  at  C,  being  given. 
From  A,  draw  ADE  perpendicular;  through  C 
draw  C  B  parallel  to  it ;  also  through  C  draw  C  D, 
parallel  to  the  tangent  B  A,  cutting  A  E  at  D  ;  make 
D  E  equal  to  A  D ;  then  will  D  be  the  centre  of  an 
ellipsis,  and  CD  and  DA  will  be  two  semiconjugate 
diameters ;  from  which  the  ellipsis  may  be  described, 
by  Prob.  VI.  Page  24,  Vol.  I. 

Fig.  2. 

This  figure  is  described  in  the  same  manner,  and 
shows  a  greater  projection;  the  tangent  being  also 
taken  in  a  higher  position. 

Fig.  3. 

The  same  things  being  given,  to  describe  the  moulding 
nearly,  when  the  point  of  contact  A  is  at  the  extremity  of 
the  transverse  axis. 

From  A  draw  ADE  perpendicular  to  the  tangent 
B  A ;  parallel  to  it,  draw  C  G,  cutting  the  tangent 
A  B  at  G ;  also  through  C  draw  C  D  parallel  to  the 
tangent  A  B,  cutting  ADE  at  D,  the  centre  of  the 
ellipsis  for  which  D  C  and  D  A  are  the  semitransverse 
and  semiconjugate  axes ;  and  proceed  as  before. 

Fig.  4. 

To  do  the  same  exactly  true,  having  the  same  things  given. 

Draw  AFH  perpendicular  to  B  A,  as  before;  join 
C  A  and  bisect  it ;  from  the  point  B,  where  the  two 
tangents  CB  and  AB  meet,  draw  BF  through  the 
middle  of  A C,  cutting  AH  at  F ;  through  F  draw 
FD,  parallel  to  AB ;  on  C,  with  the  distance  AF,  cross 
F  D,  at  E ;  through  the  points  C  and  E  draw  C  E  G, 
cutting  A  H  at  G ;  make  F  D  equal  to  C  G,  then  will 
A  F  and  F  D  be  the  two  semiaxes ;  then  proceed  as  be- 
fore. Fig.  5  and  6,  are  described  in  the  same  manner. 
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'  Plate  68.    Fig.  1  and  2. 
The  semitransverse  and  semiconjugate  axes  being  given,  to 
describe  the  moulding. 

Proceed  as  in  Page  24,  Prob.  VI.  Vol.  I.  and  you 
will  have  the  contour  of  the  moulding  required.  , 

Fig.  3. 

To  describe  the  cimarecta,  the  perpendicular  height  HL 
being  given,  and  its  projection  L  I. 

Complete  the  rectangle  I LHF,  and  divide  the  whole 
rectangle  into  four  equal  rectangles ;  then  inscribe 
the  concave  quadrant  of  an  ellipsis,  in  the  rectangle 
IKCB,  and  a  convex  quadrant  in  the  rectangle 
C  G  H  D,  and  it  is  done. 

Fig.  4. 

To  describe  a  cimareversa,  the  point  A  being  nearly  the 
greatest  projection  at  the  top;  D,  the  extremity  of  the 
curve  at  the  bottom ;  and  D  C  a  line  parallel  to  a  tangent, 
at  the  point  of  junction  of  the  opposite  curves. 

Draw  A  C  at  right  angles  to  C  D,  cutting  C  D  at  C, 
and  complete  the  rectangle,  A  C  D  E ;  then  proceed  as 
before,  but  in  a  contrary  direction,  and  you  will  have 
the  contour  required. 

Fig.  5. 

To  describe  an  echinus,  having  the  depth  of  the  moulding 
C  D,  the  greatest  projection  at  D,  and  to  be  quirked  at 
the  top  and  bottom. 

Complete  the  rectangle  C  B  A,  and  proceed  as  in 
Problems  XVIII.  XIX.  and  XX.  Pages  31  and  32, 
Vol.  I. 

Fig.  6. 
To  describe  a  scotia. 
Join  the  ends  of  each  fillet  by  the  right  line  A  B  ; 
bisect  A  B  at  D  ;  through  D  draw  C  D  E,  parallel  to 
the  fillets,  and  make  C  D  and  D  E  equal  to  the  depth 
of  the  scotia ;  then  will  A  B  be  a  diameter  of  an  ellip- 
sis, and  CE  its  conjugate.  Proceed  as  in  Prob.  IV. 
Page  24,  Vol.  I. 
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Plate  69.    Fig.  1,  2,  3,  4,  5,  and  6. 

How  ta describe  Grecian  mouldings ,  whether  elliptical,  para- 
bolical,  or  hyperbolical;  the  greatest  projection  at  B  being 
given,  and  the  tangent  C  F    F  the  bottom  of  the  moulding. 

Draw  G  F,  a  continuation  of  the  upper  side  of  the 
under  fillet ;  through  B  draw  B  G,  perpendicular  to  B  F, 
cutting  it  at  G,  and  the  tangent  F  C  at  the  point  C  ; 
also  through  B  draw  B  E,  parallel  to  G  F  ;  and  through 
F  draw  F  E  D  A,  parallel  to  G  B,  cutting  B  E  at  E  ; 
make  E  A  equal  to  E F,  ED  equal  to  C G,  and  join 
B  D  ;  then  divide  each  of  the  lines  B  D  and  B  C  into 
a  like  number  of  equal  parts ;  from  the  point  A,  and 
through  the  points  1,  2,  3,  4,  in  B  D,  draw  lines ;  also 
from  F,  through  the  points  1,  2,  3,  4,  in  B  C,  draw  lines 
cutting  the  former,  which  will  give  points  in  the  curve. 

If  the  point  C,  where  the  tangent  cuts  the  line  B  G, 
be  less  than  one  half  of  B  G,  from  G,  the  moulding 
will  be  elliptical,  as  in  Fig.  1  and  2. 

If  G  C  be  one  half  of  B  G,  the  moulding  is  parabo- 
lical, as  in  Fig.  3  and  4. 

If  G  C  be  greater  than  half  of  B  G,  then  the  mould- 
ing is  hyperbolical,  as  in  Fig.  5  and  6. 

By  this  means  you  may  make  a  moulding  to  any 
form  you  please,  whether  flat,  or  round. 
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Plate  70.    Fig.  1  and  2. 

How  to  draw  a  combination  of  moulding for  the  dase  of  a 
column,  to  be  placed  above  or  below  the  eye ;  so  that  the 
contours  of  the  mouldings  shall  appear  nearly  similar  to 
the  mouldings  of  a  base,  situate  on  a  plane,  passing 
through  the  eye,  parallel  to  the  horizon » 

Let  A B,  CD,  EF,  H G,  I Q,  be  lines  tending  to 
the  eye  ;  describe  each  moulding  to  touch  these  lines, 
as  is  taught  in  the  foregoing  Problems ;  that  is,  describe 
the  hollow  as  in  Fig.  4,  Plate  66,  Page  12,  to  touch 
the  lines  B  A,  and  A  S,  at  the  given  point  B ;  then  de- 
scribe the  semiellipsis  within  the  rectangle  E  F  H  G, 
for  the  scotia;  Page  14,  Plate  68,  Fig.  6. 

The  under  torus  will  be  described  as  follows  : 

Bisect  the  diameter  I L  at  T,  and  continue  the  upper 
side  of  the  plinth  from  L  to  U  ;  bisect  Q  U  at  P,  and 
through  the  points  P  and  T,  draw  P  T  O  :  join  I  P, 
and  bisect  it  at  R ;  through  the  points  Q  and  R,  draw 
Q  R  N,  cutting  P  O  at  N  ;  make  INT  O  equal  to  N  P  ; 
then  proceed  as  in  Prob.  VI.  Page  24,  Vol.  I.  and  it 
will  be  the  torus. 

If  the  mouldings  in  a  building  were  executed  accord- 
ing to  the  principles  of  optics  by  the  above  rules,  the 
effect  of  every  moulding  would  be  seen,  whether  above 
or  below  the  eye,  when  it  is  situate  at  a  judicious  dis- 
tance from  the  object,  much  more  perfectly  than  in 
common  cases,  where  some  of  the  mouldings  are  en- 
tirely hid  by  the  projection  of  others  standing  before 
them. 
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DEFINITIONS, 
Plate  71.    Fig.  I. 

1.  If  round  a  fixed  point  another  be  supposed  to 
move  continually,  approaching  or  receding  from  the 
fixed  point,  according  to  some  law,  the  figure  so  de- 
scribed is  called  a  spiral.^ 

2.  If  the  moving  point  has  gone  once  round  the 
fixed  point,  the  spiral  is  said  to  have  one  revolution ; 
and  if  twice  round,  it  is  said  to  consist  of  two  revolu- 
tions ;  and  so  on. 

3.  The  fixed  point  is  called  the  centre  of  the  spiral. 

4.  Any  straight  line  drawn  from  the  centre  of  the 
spiral,  and  terminated  by  the  curve,  is  called  an  ordinate. 

Fig.  2. 

5.  If  the  radius  C  A  be  moved  uniformly  round  the 
centre  C,  and  at  the  same  time  a  point  be  supposed  to 
move  uniformly  along  the  radius  from  C  to  A,  so  that 
both  motions  begin  and  end  together,  the  curve 
E  FG  A  is  called  the  spiral  of  Archimedes. 

Fig.  3. 

6.  If  the  curve  F  G  D  A  be  such,  that  if  it  was  every 
where  cut  by  the  radius  C  F,  C  D,  C  G,  C  A,  &c.  all 
the  angles  made  by  tangents  at  the  points  F,  D,  G,  A, 
with  the  radii  C  F,  C  D,  C  G,  C  A,  &c.  may  be  equal, 
then  the  curve  is  called  the  logarithmic,  or  propor- 
tional spiral. 

*  Although  a  spiral,  strictly  speaking,  signifies  a  line  drawn  round 
the  surface  of  a  cone,  which  liue  is  continually  approaching  nearer  to 
the  axis  as  it  comes  nearer  to  the  vertex  of  the  cone,  yet  Mathema- 
ticians define  it  as  above  on  a  plane. 
VOL.  II.  D 
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PROBLEM  L 

To  find  any  number  of  points  in  the  spiral  of 
Archimedes,  for  tracing  the  curve  to  any  num- 
ber of  revolutions,  having  the  centre  given, 
and  the  greatest  distance  that  the  spiral  is  to 
recede  from  the  centre. 

On  the  centre  of  the  spiral,  with  a  radius  equal  to 
the  greatest  distance,  describe  a  circle;  divide  the 
circumference,  beginning  at  the  greatest  distance,  into 
any  number  of  equal  parts  ;  from  each  of  these  points 
in  the  circumference,  draw  lines  to  the  centre ;  divide 
any  one  of  the  radii  into  as  many  parts  as  there  are  to 
be  revolutions ;  and  divide  each  of  these  parts  again 
into  as  many  equal  parts  as  the  circumference  of  the 
circle  is  divided,  and  call  this  the  scale ;  then  from  the 
centre  set  off  the  radius,  made  less  by  one  of  these  parts, 
upon  the  next  radius  to  that  which  passes  through  the 
greatest  distance ;  next  take  the  radius  made  less  by 
two,  and  apply  that  from  the  centre  on  the  next  radius ; 
again  take  the  whole  scale,  made  less  by  the  three  parts, 
which  set  from  the  centre  on  the  next  radius.  Proceed 
in  this  manner,  making  each  succeeding  radius  less, 
by  one  part  of  the  scale,  than  the  preceding  one, 
until  you  arrive  at  the  centre;  then  a  curve  being 
drawn  through  all  the  points  in  the  radii  will  form  the 
spiral  required. 
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EXAMPLE. 
Fig.  4. 

To  dram  the  spiral  of  Archimedes  to  the  three  revolutions ; 
the  centre  O  being  given,  and  the  point  A,  which  is  the 
greatest  distance  from  the  centre. 

Join  AO  on  O;  with  the  radius  OA,  describe  a 
circle  ;  divide  the  circumference,  beginning  at  A,  into 
any  number  of  equal  parts,  suppose  into  eight,  at  the 
points  A,  B,  C,  D,  E,  F,  G,  H ;  through  all  these 
points,  draw  lines  toward  the  centre  C  ;  divide  the  ra- 
dius C  A  into  three  equal  parts,  because  the  curve  is 
to  have  three  revolutions ;  then  divide  each  of  these 
parts  into  eight  equal  parts,  because  the  circle  ABC 
D  E  F  G  H,  is  divided  into  eight  equal  parts,  by  the 
radii  O  A,  O  B,  O  C,  O  D,  O  E,  &c.  then  the  radius 
A  O  will  be  divided  into  twenty-four  equal  parts ;  make 
O  h,  in  the  next  radius,  equal  to  twenty-three  parts  ; 
O  c,  equal  to  twenty- two ;  O  d,  equal  to  twenty-one  ; 
O  e,  equal  to  twenty ;  and  proceed  in  this  manner  till 
you  arrive  at  the  centre  C ;  the  curve  being  drawn 
through  the  points  A,  h,  c,  d,  e,f,g,  &c.  will  give  the 
spiral  required. 

Note.  Although  in  this  Example  the  curve  is  only 
divided  into  eight  equal  parts,  which  may  be  quite 
sufficient  for  a  small  spiral ;  yet  where  great  accuracy 
is  required,  the  circumference  may  be  divided  into 
sixteen  or  more  parts. 
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PROBLEM  II. 

Plate  72.    Fig.  1. 

The  height  A  C,  passing  through  the  centre  O, 
being  given,  and  the  centre  O,  to  find  any 
number  of  points  in  the  proportional  spiral. 

Through  O,  draw  B  D  perpendicular  to  A  C ;  find 
O  B  a  mean  proportional  between  O  C  and  O  A ;  that 
is,  bisect  A  C  at  ^ ;  on  y  as  a  centre,  and  with  the  dis- 
tance of  y  A,  describe  an  arc,  cutting  B  D  at  B  ;  join 
A  B  and  B  C  ;  then  through  C,  draw  C  D  parallel  to 
A  B,  cutting  B  D  at  D;  through  D,  draw  D  E  parallel 
to  B  C,  cutting  A  C  at  E;  through  E,  draw  EF  parallel 
to  A  B,  cutting  B  D  at  F.  Proceed  in  this  manner  to 
the  end  of  the  last  revolution,  and  a  point  will  be 
obtained  at  the  beginning  and  end  of  every  quarter  of 
a  revolution. 

Then  to  find  any  number  of  intermediate  points,  bi- 
sect the  angles  A  O  B  and  B  O  C  by  the  lines  1  3  and 
2  4,  and  continue  those  Hues  to  the  other  side  of  the 
centre  O,  and  the  angles  COD  and  DOE  will  also  be 
bisected.  Make  Ola  mean  proportion  between  OA 
and  O  B ;  and  0  2a  mean  proportion  between  O  B 
and  OC;  join  A 1,  IB,  B2,  2C;  then  draw  C3 
parallel  to  A  1,  3  D  parallel  to  B  1,  D  4  parallel  to  B  2, 
E  4  parallel  to  G  2 ;  that  is,  each  parallel  to  that 
subtending  its  opposite  angle. 
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Again,  draw  E  5  parallel  to  A 1,  F  5  parallel  to  B  1, 
F  6  parallel  to  B  2,  G  6  parallel  to  C  2  ;  proceed  in 
this  manner  by  continually  drawing  lines  parallel  to 
Al,  1  B,  B2,  and  2C,  till  a  point  is  found  in  the 
middle  of  each  quarter;  a  curve  being  drawn  through 
these  points  will  give  the  spiral  required. 

SCHOLIUM. 

Although  by  the  preceding  methods  any  number  of 
points  may  be  found,  the  first  of  these  is  not  well 
adapted  for  a  spiral  when  applied  to  architectural  pur- 
poses, because  on  account  of  the  space  comprehended 
between  the  line  of  the  spiral  being  every  where  pa- 
rallel, it  is  thought  ungraceful  by  Architects.  Method 
2,  is  the  most  perfect  that  can  possibly  be  put  in  prac- 
tice ;  as  the  revolutions  every  where  divide  the  radius 
in  a  continued  proportion,  and  consequently  every 
space  will  have  the  same  ratio  as  its  distance  from  the 
centre  ;  by  this  means  you  may  describe  as  great  a 
number  of  intermediate  curves  as  you  please,  and  the 
distance  of  those  lines  will  have  every  where  the  same 
proportion  taken  upon  a  line  drawn  to  the  centre ;  but 
as  many  Architects  may  think  this  method  trouble- 
some to  put  in  practice,  I  will,  in  the  following,  show 
more  general  methods  for  describing  curves  of  the 
kind,  to  any  number  of  revolutions  with  a  compass, 
than  has  been  hitherto  shown. 
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PROBLEM  III. 

Plate  73.    Fig.  1,  2,  3,  and  4. 

To  find  centres  for  drawing  spirals  to  any  number 
of  revolutions ;  the  centre  C  being  given,  and 
also  the  perpendicular  line  C  G. 

Make  C  D  both  perpendicular  and  equal  to  C  G ; 
divide  C  D,  beginning  at  C,  into  as  many  equal  parts 
as  you  intend  to  have  revolutions ;  divide  the  first  of 
these  from  the  centre  C;  that  is,  CI,  into  two  equal 
parts,  at  the  point  I ;  through  the  points  D  and  G,  draw 
D  B  and  G  B  respectively  parallel  to  C  G  and  C  D, 
cutting  each  other  at  B;  in  the  line  BG  make  GA 
equal  to  G  B  ;  join  C  A  and  C  B  ;  through  I,  draw  I E 
parallel  to  C  A,  cutting  B  D,  produced  at  E  ;  through 
the  same  point  I,  draw  I F  parallel  to  C  B ;  then 
through  the  point  D,  Fig.  1 ;  and  1,  D,  Fig.  2 ;  1,  2,  D, 
Fig.  3 ;  1,  2,  3,  D,  Fig.  4,  &c.  draw  the  Hues  parallel 
to  BE,  cutting  the  diagonal  EI  and  BC.  From  the 
points  where  the  diagonals  are  cut,  draw  lines  parallel 
to  B  A,  cutting  the  other  diagonals  A  C  and  F I ;  and 
through  the  points  which  are  cut  in  the  diagonals  A  C 
or  F  I,  draw  lines  again  parallel  to  B  E,  and  it  will 
complete  the  centres  for  turning  the  spiral. 

Note.  Fig.  1,  is  for  one  revolution  ;  Fig.  2,  for  two 
revolutions  ;  Fig.  3,  for  three  revolutions ;  Fig.  4,  for 
four  revolutions ;  Fig.  5,  for  five  revolutions ;  and 
Fig.  6,  for  six  revolutions. 
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PROBLEM  IV. 
Plate  74. 

To  draw  a  spiral  line  to  touch  a  given  circle, 
whose  centre  is  the  centre  of  the  spiral,  to  any 
number  of  revolutions ;  the  whole  height  being 
given. 

From  either  end  of  the  whole  height  of  the  spiral 
cut  off  the  diameter  of  the  given  circle ;  divide  the 
remainder  into  as  many  equal  parts  as  there  are  to  be 
revolutions  in  the  spiral,  and  divide  each  of  those 
parts  again  into  four  others  ;  so  that  the  remainder,  or 
difference  between  the  given  circle  and  the  height,  will 
be  divided  into  four  times  the  number  of  revolutions ; 
then  take  half  the  number  of  these  parts  and  one  part 
more,  together  with  half  the  diameter  of  the  eye,  and 
set  it  from  the  top  of  the  perpendicular  downwards,  it 
will  give  the  centre  of  the  volute ;  or  take  half  the 
number  of  parts  made  less  by  one  part,  and  set  it  from 
the  bottom  upwards,  will  also  give  the  centre ;  take 
half  of  one  of  the  parts,  and  set  it  from  the  centre ; 
cutting  the  perpendicular  or  height  of  the  volute  up- 
wards ;  through  that  point,  draw  a  horizontal  line ; 
take  half  of  one  of  the  parts,  and  set  it  on  each  side  of 
the  perpendicular,  on  the  horizontal  line ;  from  these 
two  points  draw  diagonals  to  the  centre ;  through  the 
centre,  draw  another  line  parallel  to  the  horizontal 
line ;  through  the  upper  end  of  each  diagonal,  draw 
lines  parallel  to  the  perpendicular,  cutting  the  hori- 
zontal line  that  passes  through  the  centre,  into  two 
equal  parts  ;  divide  each  of  those  parts  into  as  many 
equal  parts  as  you  intend  to  have  revolutions.  If  the 
volute  is  intended  to  be  on  the  left  hand,  divide  the 
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part  next  to  the  centre  on  the  same  side,  into  two  equal 
parts,  but  for  the  right  on  the  contrary ;  from  the  point 
of  the  bisection,  draw  two  lines  parallel  to  the  diagonals 
downwards  ;  then  through  each  of  the  divisions  on  the 
line  which  passes  through  the  centre,  draw  lines  pa- 
rallel to  the  perpendicular,  cutting  the  diagonals  at  both 
ends  of  these  perpendicular  lines  ;  then  join  the  oppo- 
site points  of  each  diagonal  by  horizontal  lines,  and  the 
centres  will  be  completed  upon  each  angle  of  the  fret ; 
begin  at  the  right  hand  on  the  upper  centre,  extend 
the  compass  to  the  height  of  the  perpendicular,  and 
describe  the  quadrant  of  a  circle  to  the  left  hand ;  then 
set  the  compass  on  the  next  centre  on  the  left  hand, 
and  extend  the  other  leg  of  the  compass  to  the  end  of 
the  quadrant  where  you  left  off  in  the  last  quadrant : 
go  the  same  way  round  to  the  next  centre,  and  pro- 
ceed in  this  manner  till  you  arrive  at  the  last  quadrant, 
which  ought  to  touch  the  given  circle  on  the  upper 
side  upon  the  perpendicular.  Lastly,  on  the  centre  of 
the  spiral,  and  the  other  foot  extended  to  the  distance 
that  the  last  quadrant  cuts  the  perpendicular,  describe 
a  circle,  and  the  spiral  will  be  completed. 

SCHOLIUM. 

1 .  The  common  method  for  describing  a  spiral  is 
imperfect  at  the  meeting  of  every  fourth  quadrant  with 
the  next  succeeding  one ;  or,  which  is  the  same  thing, 
at  the  meeting  of  each  two  quadrants  at  the  beginning 
of  every  revolution,  excepting  the  first,  will  not  touch 
a  straight  line  at  the  points  of  junction,  and  conse- 
quently will  form  a  small  angle  at  their  meeting ;  and 
for  this  reason  the  whole  curve  of  the  spiral  will  ap- 
pear lame. 
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2.  In  Goldman's  volute,  the  meeting  of  every  two 
quadrants  will  every  where  touch  a  straight  line  at  the 
points  of  their  junction  ;  but  the  diminution  of  the 
space  is  no  regular  proportion  ;  as  one  half  diminishes 
very  rapidly,  and  the  other  half  being  almost  equidis- 
tant ;  which  fault  is  more  discernible  in  this,  than  the 
lame  curve  of  the  common  method,  which  is  not  per- 
ceptible to  the  eye  but  only  to  sense. 

3.  In  the  method  which  I  have  shown  for  describing 
•spirals  with  a  compass,  the  meeting  of  every  two 
quadrants  will  every  where  touch  a  straight  line  at 
the  point  of  their  junction,  and  the  spaces  are  all  in 
arithmetical  proportion  at  the  beginning  of  each  qua- 
drant ;  consequently  this  method  is  more  perfect  than 
the  two  former,  as  the  defects  of  both  are  remedied 
in  this. 

The  methods  for  describing  volutes,  made  use  of  by 
De  rOrme  and  Goldman,  are  very  limited,  and  not  so 
general  as  may  be  wished  for,  to  answer  the  different 
purposes  that  they  may  be  applied  to  in  Architecture, 
1  shall  therefore  show  how  to  describe  their  volutes 
in  a  more  general  manner  than  has  hitherto  been  done ; 
so  that  the  eye  may  be  of  any  size  required,  and  the 
volute  contain  any  number  of  revolutions  in  a  given 
height. 
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PROBLEM  V. 

How  to  describe  a  spiral  in  the  manner  of 
De  rOrme  s  volute ;  the  perpendicular  height 
being  given. 

Divide  the  whole  height  into  eight  equal  parts ;  on 
the  fourth  from  the  bottom,  or  fifth  from  the  top,  as  a 
diameter,  describe  a  circle ;  through  its  centre  draw 
a  line  at  right  angles  to  the  cathetus,  which  will  cut 
the  eye  in  four  points  :  join  the  extremities  of  these 
points,  and  a  square  will  be  inscribed  in  the  eye ;  bisect 
any  two  adjoining  sides  of  the  square,  and  draw  lines 
from  these  points  through  the  centre  of  the  eye,  to  cut 
the  opposite  side  of  the  square ;  divide  each  of  these 
lines,  which  are  terminated  by  the  sides  of  the  square, 
into  six  equal  parts :  then  the  four  outside  points, 
bisecting  each  side  of  the  square,  are  centres  for  the 
first  revolution,  the  next  four  are  centres  for  the 
second  revolution,  and  the  next  four,  viz.  those  next 
to  the  centres,  are  centres  for  the  third  and  last  revo- 
lution :  then  each  of  these  four  centres  will  form  four 
other  squares,  having  their  side  parallel  to  the  per- 
pendicular and  horizontal  line ;  then  you  may  proceed 
to  describe  each  quadrant  of  the  volute  as  follows : 

If  the  volute  is  to  be  on  the  right  hand,  begin  with 
the  left  hand  centre  on  the  top  of  the  outside  square, 
extend  the  other  foot  of  the  compass  to  the  top  of  the 
volute,  and  describe  an  arc  towards  the  right  hand ; 
then  move  your  compass  to  the  next  angle  of  the  same 
square  on  the  right  hand,  and  extend  the  other  to  the 
end  of  the  last  quadrant,  and  turn  an  arc  downwards. 


SPIRAL  LINES. 


27 


cutting  a  perpendicular  from  its  centre,  the  foot  of  the 
compass  remaining  in  that  point ;  contract  their  opening 
equal  to  the  side  of  the  square  on  the  same  straight 
line,  till  you  come  to  the  next  centre ;  describe  another 
quadrant,  meeting  the  side  of  the  square  produced; 
again  contract  the  compass  the  side  of  the  square  as 
before,  and  describe  another  quadrant,  until  it  cuts 
the  perpendicular  side  of  the  square  produced  from 
that  centre  ;  then  there  is  one  revolution  described ; 
now  proceed  with  the  second  and  third  square  in  the 
same  manner,  until  you  describe  the  last  quadrant, 
which  will  cut  the  eye  on  the  upper  side. 

■ — »  ♦  » 

PROBLEM  VI. 

How  to  describe  the  spiral  to  any  given  height, 
and  to  terminate  at  the  end  of  any  given  num- 
ber of  revolutions  in  the  circumference  of  a 
circle,  whose  diameter  is  given. 

Divide  the  height,  made  less  by  the  diameter  of  the 
given  circle,  in  two  more  parts  than  four  times  the 
number  of  revolutions  that  the  spiral  is  intended  to 
have ;  that  is,  if  the  spiral  is  to  have  one  revolution,  it 
must  be  divided  into  four  times  one,  and  two  more, 
that  is,  into  six  equal  parts ;  and  if  two  revolutions,  it 
will  be  divided  into  four  times  two,  and  two,  which  is 
ten  equal  parts  ;  or  if  three  revolutions,  it  will  be  di- 
vided into  4x3,  and  two,  which  is  fourteen  equal 
parts ;  then  take  half  the  number  of  these  parts,  and  one 
more,  together  with  half  the  diameter  of  the  eye,  and 
set  it  from  the  top  of  the  spiral  downwards  to  give  the 
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centre  of  the  spiral ;  or  take  half  the  number  of  those 
parts,  made  less  by  one,  together  with  half  the  diameter 
of  the  eye,  and  set  it  on  the  perpendicular  line  from  the 
bottom  upwards,  which  will  give  the  centre  of  the  spiral 
as  before  ;  then  construct  a  square,  whose  centre  is  the 
centre  of  the  spiral,  having  two  of  its  sides  parallel  to 
the  perpendicular,  and  consequently  the  other  two  at 
right  angles  to  it ;  each  side  of  the  square,  being  equal 
to  one  of  the  equal  parts  before  mentioned ;  draw  the 
diagonal  of  the  square,  which  will  cut  each  other  in 
the  centre  of  the  spiral ;  now  divide  each  diagonal  into 
twice  as  many  parts  as  there  are  to  be  revolutions, 
which  will  give  the  centres  of  the  spiral ;  and  then 
proceed  as  in  the  last  Problem. 

— -  ♦  ♦ — 

PROBLEM  VIL 

The  centre  C  of  the  spiral  being  given,  the  per- 
pendicular height  C  A  above  the  centre,  and 
diameter  B  D  of  the  eye ;  to  describe  the 
spiral. 

On  the  centre  C,  with  one  half  of  B  D,  describe  a 
circle,  cutting  A  C  at  R ;  through  C  draw  H I  perpen- 
dicular to  A  C  ;  divide  A  R  into  two  equal  parts  at  I ; 
divide  I R  into  one  more  part  than  the  number  of  re- 
volutions, then  set  half  of  one  of  these  parts  from  the 
centre  upon  each  of  the  Hues  A  C  and  H  I :  that  is, 
from  C  to  K,  from  C  to  I,  from  C  to  L,  and  from  C 
to  H :  and  through  these  points  complete  thje  square 
D  E  F  G,  whose  sides  D  E,  F  G,  are  parallel  to  H I ; 
and  D  G,  E  F,  are  parallel  to  A  C ;  draw  the  diagonals 
DF  and  GE,  then  divide  CD,  CE,  CF,  and  CG 
each  into  as  many  equal  parts  as  there  are  to  be  revo- 
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lutions,  and  through  these  points  draw  squares,  whose 
sides  are  parallel  to  the  sides  of  the  square  D  E  F  G ; 
through  A,  draw  A  B  parallel  to  H  I,  produce  the  side 
of  the  square  D  G,  cutting  A  B  in  B  ;  then  on  D  as  a 
centre  with  the  distance  D  B,  describe  the  quadrant 
B  M,  cutting  D  E  at  M ;  on  E,  with  E  M,  describe  the 
quadrant  M  N,  cutting  E  F  produced  at  N  ;  on  F,  with 
the  distance  F  N,  describe  the  quadrant  N  O,  cutting 
F  G  at  O ;  on  G  with  the  distance  G  0,  describe  the 
quadrant  OP,  which  will  make  one  revolution,  and 
proceed  in  the  same  manner  with  all  the  other  revolu- 
tions, the  centres  always  falling  on  the  angles  of  the 
next  square. 

— — 

PROBLEM  VIII. 

How  to  describe  a  spiral  line  in  the  manner  of 
Goldman's  volute,  to  any  given  height. 

Divide  the  height  I W  of  the  volute  into  eight  equal 
parts,  I  being  at  the  top ;  then  on  the  fourth  part  from 
the  bottom  call  A  B,  or  the  fifth  from  the  top,  or  B  A 
as  a  diameter ;  describe  a  circle,  whose  centre  call  C  ; 
divide  B  A  into  four  equal  parts,  and  from  the  centre, 
set  one  of  these  parts  on  the  perpendicular  from  C  to  H 
downwards,  and  from  C  to  E  upwards,  and  construct  a 
square  E  F  G  H,  whose  side  is  F  G  on  the  right  or  left 
side  of  H  E,  according  as  it  is  intended  to  be  a  right  or 
left  handed  volute ;  join  C  G  and  C  F ;  divide  C  H,  C  E, 
C  G,  and  C  F,  each  into  three  equal  parts  respec- 
tively at  q,  m;  n,  i;  p,  I;  o,  k;  then  will  E,  F,  G,  H, 
i,  k,  I,  m,  n,  o,  p,  be  the  centres  for  describing  each 
quadrant.    On  E,  with  the  distance  E  I,  describe  the 
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quadrant  I K,  cutting  E  F  produced  at  K ;  on  F  as  a 
centre  with  the  distance  F  K,  describe  the  quadrant 
K  L,  meeting  F  G  produced  at  L ;  on  G,  with  G  L, 
describe  the  quadrant  L  M,  cutting  G  H  at  M  ;  on  H, 
with  the  distance  H  M,  describe  the  quadrant  M  N, 
cutting  the  cathetus  at  N.  In  this  manner  proceed 
with  the  centres  i,  k,  I,  m,  for  the  second  revolution  ; 
and  n,  o,  p,  q,  for  the  third ;  every  revolution  meeting 
upon  the  cathetus  C  I. 

— — 

PROBLEM  IX. 

To  describe  a  spiral  in  the  manner  of  Goldman's 
volutes,  having  the  height  A  B  to  touch  a 
given  circle  whose  diameter  is  CD,  to  any 
number  of  revolutions. 

From  A  B,  cut  off  the  part  B  E  equal  to  the  dia- 
meter C  D  of  the  eye  ;  divide  the  remainder  C  A  into 
four  times  as  many  equal  parts,  and  two  more,  as  the 
number  of  revolutions  ;  from  the  bottom  of  the  cathe- 
tus set  up  half  the  number  of  these  parts  made  less 
by  one  part,  together  with  half  the  diameter  of  the 
eye ;  or  from  the  top  of  the  cathetus  set  downwards 
half  the  number  of  these  parts,  and  one  part  more, 
together  with  half  the  diameter  of  the  eye ;  take  one 
of  these  parts  and  make  a  square,  in  such  a  manner 
that  one  of  the  sides  may  be  in  the  cathetus,  and  that 
side  must  be  bisected  by  the  centre  of  the  volute  ;  the 
square  being  made  upon  the  right  or  left  side  of  the 
cathetus,  according  as  the  volute  is  to  be  upon  the 
right  or  left  hand.  Proceed  in  every  other  respect,  in 
what  follows,  as  in  the  last  Problem  :  that  is  from  the 
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centre,  draw  lines  to  each  of  the  opposite  angles  of  the 
square  ;  divide  each  of  those  lines  into  as  many  equal 
parts  as  there  are  intended  to  be  revolutions ;  through 
the  points,  draw  lines  parallel  to  the  sides  of  the  square, 
cutting  the  cathetus,  forming,  in  all,  as  many  squares 
as  there  are  revolutions  ;  then  the  outside  square  con- 
tains the  centres  of  the  first  revolution;  the  next  square, 
if  more  than  one  revolution,  contains  the  centres  of 
the  second  revolution ;  and  the  third  square,  if  more 
than  two  revolutions,  contains  the  centres  on  its  angles 
of  the  third  revolution ;  and  so  on  for  any  other  num- 
ber of  revolutions  above  three,  if  required. 

♦  ♦  » — 

PROBLEM  X. 

The  cathetus  C  A  of  the  spiral,  from  the  centre 
C  being  given,  to  describe  it  to  any  number 
of  revolutions  to  touch  a  given  circle  whose 
centre  is  C,  the  centre  of  the  spiral. 

On  the  centre  C,  with  a  radius  equal  to  the  radius 
of  the  eye,  describe  a  circle  for  the  eye ;  cutting  the 
cathetus  C  A  upwards  at  R ;  divide  R  A  into  two  equal 
parts  at  I,  and  divide  R I  into  one  part  more  than  the 
number  of  revolutions ;  that  is,  if  one  revolution,  it 
will  be  divided  into  two  equal  parts  ;  and  if  two  revo- 
lutions, it  will  be  divided  into  three  equal  parts  ;  and  if 
three  revolutions,  it  will  be  divided  into  four  equal 
parts,  and  so  on ;  then  take  one  of  these  parts  for  the 
side  of  the  square,  and  proceed  as  in  the  last  Problem. 
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PROBLEM  XI. 

To  draw  the  spiral  of  Archimedes  with  a 
compass,  having  the  whole  height,  and  the 
distance  between  the  spiral  space. 

Divide  the  given  distance  between  the  spiral  space, 
into  four  equal  parts  ;  then  take  half  the  whole  height, 
and  one  of  these  parts,  and  set  it  from  the  top  down- 
wards ;  or  take  half  the  whole  height  diminished  by 
one  part,  and  set  it  from  the  bottom  upwards  ;  it  will 
give  the  centre  of  the  spiral ;  through  which,  draw  a 
line  at  right  angles  to  the  height;  then  construct  a 
square,  whose  sides  are  equal  to  one  of  the  before- 
mentioned  parts,  having  the  centre  of  the  square  in 
the  centre  of  the  spiral,  and  having  two  of  its  sides 
parallel  to  the  perpendicular  of  the  spiral,  then  the 
four  angles  of  the  square  are  the  four  centres ;  then 
set  the  compass  on  the  upper  side  of  the  square  in 
that  angle  which  is  upon  the  same  side  that  the  spiral 
is  to  be  drawn,  and  extend  the  other  leg  of  the  com- 
pass to  the  height,  and  describe  a  quadrant ;  the  second 
centre  is  the  other  angle  of  the  upper  side  of  the  square ; 
the  third  directly  under,  and  so  on,  moving  round  in 
the  same  direction,  until  there  are  as  many  revolutions 
as  are  required. 
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DEFINITIONS. 

1.  When  straight  lines  are  drawn  according  to 
a  certain  law  from  the  several  parts  of  any  figure  or 
object  cut  by  a  plane,  and  by  that  cutting  or  intersection 
describe  a  figure  on  that  plane,  the  figure  so  described 
is  called  the  projection  of  the  other  figure  or  object. 

2.  The  lines  taken  altogether,  which  produce  the 
projection  of  the  figure,  are  called  a  system  of  rays. 

3.  When  the  system  of  rays  are  all  parallel  to  each 
other,  and  are  cut  by  a  plane  perpendicular  to  them, 
the  projection  on  the  plane  is  called  the  orthography 
of  the  figure  proposed. 

4.  When  the  system  of  parallel  rays  are  perpendi- 
cular to  the  horizon,  and  projected  on  a  plane  parallel 
to  the  horizon,  the  orthographical  projection  is  then 
called  the  ichnography,  or  plan  of  the  figure  proposed. 

5.  When  the  system  of  rays  are  parallel  to  each  other 
and  to  the  horizon,  and  if  the  projection  be  made  on  a 
plane  perpendicular  to  those  rays  and  to  the  horizon, 
it  is  called  the  elevation  of  the  figure  proposed. 

In  this  kind  of  projections,  the  projection  of  any 
particular  point,  or  line,  is  sometimes  called  the  seat 
of  that  point  or  line  on  the  plane  of  projection, 
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6.  If  a  solid  be  cut  by  a  plane  passing  quite  through 
it,  the  figure  of  that  part  of  the  solid  which  is  cut  by 
the  plane,  is  called  a  section. 

7.  When  any  solid  is  projected  orthographically 
upon  a  plane,  the  outline  or  boundary  of  the  projec- 
tion is  called  the  contour,  or  profile  of  the  projection. 

Note,  Although  the  term  orthography  signifies,  in 
general,  the  projection  of  any  plane  which  is  per- 
pendicular to  the  projecting  rays,  without  regard- 
ing the  position  of  the  plane  on  which  the  object 
is  projected ;  yet  writers  on  projection  substitute 
it  for  elevation,  as  already  defined  j  by  which 
means  it  will  be  impossible  to  know  when  we 
mean  that  particular  position  of  orthographical 
projection,  which  is  made  on  a  plane  perpendi- 
cular to  the  horizon. 

AXIOM. 

If  any  point,  line,  or  plane  of  any  original  figure, 
or  object,  touch  the  plane  on  which  it  is  to  be  pro- 
jected, the  place  where  it  touches  the  projecting 
plane  is  the  projection  of  that  point,  line,  or  plane  of 
the  original  figure,  or  object. 

PROPOSITION. 

The  orthographical  projection  of  a  line,  which  is 
parallel  to  the  plane  of  projection,  is  a  line  equal  and 
parallel  to  its  original. 
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PROBLEM  I. 

Plate  77.    Fig.  1. 

To  project  the  elevation  of  a  prism  standing  on  a 
plane  perpendicular  to  the  projecting  plane; 
given  the  base  of  the  prism,  and  its  position 
to  the  projecting  plane. 

Let  A  B  C  D,  No.  1,  be  the  base  of  the  prism ;  let 
H  F  be  the  intersection  of  the  projecting  plane  with 
the  plane  on  which  the  prism  stands. 

Draw  lines  from  every  angle  of  the  base,  cutting 
H  F  at  H,  and  F  will  be  the  projection  of  the  points 
A  and  C  ;  the  angle  D,  touching  H  F  at  D,  is  its  pro- 
jection. 

From  each  of  the  points  H,  D,  F,  in  No.  2,  draw 
the  lines  HI,  D  E,  and  F  G,  each  perpendicular  to 
HF;  make  DE  equal  to  the  height  of  the  prism; 
through  E  draw  I  G,  cutting  H  I  and  F  G  at  I  and 
G,  which  will  give  the  projection  sought. 
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PROBLEM  II. 
Fig.  2. 

Tq  project  the  ichnography  and  elevation  of  a 
'tq^are  r. prism,  to  rest  upon  one  of  its  angles 
:i j^pon  a  given  point  A  in  the  plane,  on  which 
the  ichnography  is  to  be  described ;  given  the 
ichnography  A  L  of  an  angle,  vi^hich  the  two 
under  planes  make  with  each  other ;  the  angle 
Mai,  w^iich  the  angle  of  the  solid  makes  with 
its  ichnography  A  L ;  the  intersection  Aa  oi 
one  of  its  ends  with  the  plane  of  the  ichno- 
graphy; the  angle  D  A  a,  which  one  side  of 
the  end  makes  at  A,  with  the  intersection  A  a 
of  that  end  ;  also  given  one  of  the  sides  of  the 
ends,  and  the  length  of  the  prism. 

At  the  given  point  A,  with  the  intersection  A  a, 
make  an  angle  a  A  D  equal  to  the  angle  which  one  of 
the  sides  of  the  end  makes  with  A  a ;  make  A  D  equal 
to  one  of  the  sides  of  the  end ;  then  on  A  D,  construct 
the  square  A  B  C  D  ;  through  the  angles  of  the  square 
B,  C,  D,  draw  lines  B H,  CI,  and  D M,  parallel  to 
A  L  ;  then  at  the  point  a  in  the  right  line  D  M,  make 
an  angle  Mai  with  a  M,  equal  to  the  angle  of  the 
solid,  whose  projection  is  AL  with  AL;  make  a  I 
equal  to  the  length  of  the  solid ;  through  the  points  a 
and  /,  No.  1,  draw  the  lines  ae  and  li,  perpendicular 
to  a  I:  through  the  points  B  and  C,  No.  2,  draw  BR 
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and  C  S  parallel  to  A  a,  cutting  D  M,  produced  at  R 
and  S ;  on  a  as  a  centre  with  the  distances  aD,  aR,  and 
a  S,  describe  arcs  Pg,  R  /,  and  S  e,  cutting  ae.  No.  1, 
at        e;  through  the  points  g,f,  e,  draw  the  lines  g  A:, 
fh,  and  e  i,  parallel  to  a  I,  and  No.  1  will  be  completed, 
which  will  be  the  projection  of  the  prism  on  a  plane 
parallel  to  AL.    Through  the  points  g,  f,  e,  draw  the 
lines  e  E,/F,  and  g  G,  perpendicular  to  DM,  or  A  L, 
cutting  D  M,  C  I,  and  B  H,  respectively  at  G,  E,  F ; 
also  through  the  points  I,  k,  h,  i,  draw  the  lines  ZL,  yfcK, 
AH,  and  il,  likewise  parallel  to  AL,  cutting  AL, 
G  M,  B  H,  and  G  I,  respectively  at  the  points  L,  K, 
H,  and  I;  join  EF,  EG,  and  HI,  IK,  KL,  LH, 
then  will  the  planes  E  F  H  I,  E I K  G,  and  H I K  L, 
represent  the  ichnography  of  the  upper  sides  of  the 
solid ;  and  if  F  A  and  A  G  be  joined,  then  will  F  A  G  E, 
F  A  L  H,  and  G  A  L  K,  represent  the  sides  of  the  solid 
next  to  the  plane  of  projection.    Then  to  project  the 
elevation  on  a  plane  whose  intersection  is  T  U ;  from 
F,  E,  G,  A,  H,  I,  K,  and  L ;  that  is,  from  all  the  points 
in  the  ichnography  representing  the  solid  angles, 
draw  the  lines  Vf,  Ee,  Gg,  A  a,  HA,  li,  KA:,  and 
L  /,  perpendicular  to  the  intersection  T  U,  cutting  T  U 
at  p,  q,  a,  g,  o,        and  k;  make  pf,  qe,  gg,  nh, 
oi,  ml,  and  kk,  at  No.  3,  respectively  equal  to  Py, 
Qe,  Gg,  N/i,  Of,  MZ,  and  KA:,  at  No.  1 ;  then  join 
fa,  ag,  ge,  ef;  ei,  ik,  kg,  kl,  andZ«;  and /age, 
geik,  gkla,  will  be  the  elevations  of  the  outside 
planes  of  the  solid  ;  and  by  joining  fh  and  hi,  fhie, 
fhla,  and  ihl  k,  will  be  the  elevations  of  the  planes  of 
the  solid,  next  to  the  plane  on  which  the  elevation  is 
projected. 
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PROBLEM  III. 
Plate  78. 

To  project  the  ichnography  and  elevation  of  a 
leaf;  given  a  section  through  its  middle,  and  its 
representation  when  stretched  out  on  a  plane. 

Let  Fig.  1  be  the  representation  of  the  leaf  stretched 
out  on  a  plane ;  Fig.  2  a  section  through  the  middle  at 
A  B,  Fig.  1 ;  and  Fig.  3  a  section  of  the  leaf  turned 
into  the  true  form  that  the  ichnography  and  elevation 
is  to  be  projected  into  ;  the  curve  line  of  Fig.  3  being 
equal  in  length  to  Fig.  2,  that  is  equal  to  A  B,  through 
the  middle  of  Fig.  1 . 

Divide  the  curve  line  of  Fig.  3  into  any  number  of 
equal  parts,  as  the  points  1,  2,  3,  4,  &c. ;  through  these 
points  draw  lines  perpendicular  to  the  base  B  A ;  take 
any  line  C  D  in  No.  1  and  2,  make  all  the  divisions  on 
C  D  equal  to  those  of  B  A,  Fig.  3,  and  through  these 
points  draw  hues  at  right  angles  to  C  D.  Also  divide 
AB,  Fig.  1,  into  the  same  number  of  equal  parts  as  Fig. 
3  is  divided ;  and  through  these  points  draw  lines  1  a, 
2  h,  3  c,  &c.  cutting  the  edge  of  the  leaf  at  the  points 
a,  hy  c,  dy  &c.  take  all  the  distances  11  /,  10 /c,  92,  8/i, 
1  g,  6  f,  &c.  and  apply  them  as  ordinates  from  C  D,  No. 
1  and  2 ;  then  the  points  /,  k,  i,  h,  g,  &c.  will  be  in  the 
ichnography  for  No.  1  and  2,  and  a  curve  being  braced 
through  those  points  will  give  half  the  ichnography  or 
plan ;  the  other  half  will  be  found  in  the  same  manner : 
then  to  find  the  elevation.  Fig.  4,  on  a  plane  parallel  to 
the  bottom  of  the  leaf,  and  in  Fig.  5,  making  any  given 
angle  with  the  bottom  of  the  leaf,  proceed  as  follows  : 

Through  all  the  points  1,  2,  3, 4,  5,  &c.  Fig.  3,  draw 
lines  parallel  to  B  A,  the  base  of  Fig.  3 ;  through  all  the 
points  12, 1,  k,  i,  h,  g,  &c.  in  No.  1  and  2,  draw  lines 
at  right  angles  to  B  A  in  Fig.  3,  cutting  the  elevation  at 
the  corresponding  points  12,  /,  k,  i,  h,  g,  &c.  in  Fig.  4, 
also  at  Fig.  5,  a  curve  being  traced  through  these 
points  will  give  the  elevation  of  the  leaf. 
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THE 


EFFECT  OF  DISTANCE 

ON  THE 

COLOUR  OF  OBJECTS, 

DEFINITIONS. 

The  art  of  giving  a  due  diminution  or  degradation 
to  the  strength  of  the  light  and  shade  and  colours  of 
objects,  according  to  the  different  distances,  the 
quantity  of  light  which  fall  on  their  surfaces,  and 
the  medium  through  which  they  are  seen,  is  called 
keeping. 

1.  When  objects  are  removed  to  a  great  distance 
from  the  eye,  the  rays  of  light  which  they  reflect  will 
be  less  vivid,  and  the  colour  will  become  more  diluted, 
and  tinged  with  a  faint  bluish  cast,  by  reason  of  the 
great  body  of  air  through  which  they  are  seen. 

2.  In  general,  the  shadows  of  objects,  according 
as  they  are  more  remote  from  the  eye,  will  be  lighter, 
and  the  light  parts  will  become  darker ;  and  at  a  cer- 
tain distance  the  light  and  shadow  are  not  distinguish- 
able from  each  other ;  for  both  would  seem  to  termi- 
nate in  a  bluish  tint,  of  the  colour  of  the  atmosphere, 
and  will  appear  entirely  lost  in  that  colour. 
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3.  If  the  rays  of  light  fall  Upon  any  coloured  sub- 
stance, the  reflected  rays  will  be  tinged  with  the 
colour  of  that  substance. 

4.  If  the  coloured  rays  be  reflected  upon  any  object, 
the  colour  of  that  object  will  then  be  compounded  of 
the  colour  of  the  reflected  rays,  and  the  colour  of  the 
object;  so  that  the  colour  of  the  object  which  receives 
the  reflection  will  be  changed  into  another  colour. 

5.  From  the  closeness  or  openness  of  the  place 
where  the  object  is  situated,  the  light,  being  much 
more  variously  directed,  as  in  objects  which  are  sur- 
rounded by  buildings,  will  be  more  deprived  of  reflec- 
tion, and  consequently  will  be  darker  than  those 
objects  which  have  no  other  objects  in  their  vicinity  ; 
except  the  surrounding  objects  are  so  disposed,  as  to 
reflect  the  rays  of  light  upon  the  surrounded  objects. 

6.  In  a  room,  the  light  being  more  variously  di- 
rected and  reflected  than  abroad  in  the  open  air,  (for 
every  aperture  gives  an  inlet  to  a  different  stream,)  which 
direction  is  various,  according  to  the  place  and  position 
of  the  aperture,  whereby  every  different  side  of  the 
room,  and  even  the  same  side  in  Such  a  situation,  will 
be  variously  aflected  with  respect  to  their  light,  shade, 
and  colours,  from  what  they  would  in  an  open  place 
when  exposed  to  rays  coming  in  the  same  direction. 

Some  original  colours  naturally  reflect  light  in  a 
greater  proportion  than  others,  though  equally  exposed 
to  the  same  degrees  of  it ;  whereby  their  degradation  at 
different  distances  will  be  different  from  that  of  other 
colours  which  reflect  less  light. 
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The  art  of  keeping  a  degradation  of  light  and  shade 
on  objects,  according  to  their  several  distances,  co- 
lours, and  other  circumstances,  is  of  the  utmost  con- 
sequence to  the  artist. 

In  orthographical  projections,  where  equal  and  si- 
milar objects  stand  in  the  same  position  to  the  plane 
of  projection,  they  will  be  represented  similar,  and  of 
an  equal  magnitude,  at  every  distance  from  that 
plane ;  and  consequently  planes  which  are  parallel  to 
each  other,  would  not  appear  to  have  any  distance ; 
so  that  the  representation  of  any  number  of  objects, 
at  different  distances  from  each  other,  would  be  en- 
tirely confused,  and  no  particular  object  could  be  dis- 
tinguished from  the  others  ;  but  by  a  proper  attention 
to  the  art  of  keeping,  every  object  will  be  distinct  and 
separate,  and  their  respective  distances  and  colours 
from  each  other  will  be  preserved ;  but  though  a  proper 
degradation  of  light  and  shade  ought  to  be  preserved 
according  to  the  respective  distances  of  objects  from 
each  other,  artists  in  general  take  too  great  liberties 
vdth  nature;  we  frequently  see  in  the  drawings  of 
architects,  the  art  of  keeping  carried  to  so  great  an  ex- 
treme, as  to  render  their  performances  ridiculous. 
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DEFINITIONS. 

1 .  A.  BODY  which  is  cantintially  emitting  a  stream 
of  matter  from  itself,  thereby  rendering  objects  visible 
to  our  sense  of  seeing,  is  called  a  luminary  ;  such  as 
the  sun,  or  any  other  body  producing  the  same  effect. 

2.  The  stream  of  matter  which  is  emitted  from  the 
luminary,  is  called  light.^ 

3.  A  substance,  or  body,  which  light  cannot  pene- 
trate, is  called  an  opaque  body. 

4.  If  a  space  be  deprived  of  light  by  an  opaque 
body,  it  is  called  a  shade, 

5.  The  whole  or  part  of  any  surface  on  which  a 
shade  is  projected,  is  called  a  shadow. 

6.  A  body  which  will  admit  of  Hght  to  pass  through, 
is  called  a  transparent  substance, 

7.  A  line  of  light  emitted  from  the  luminary,  is 
called  a  ray. 

*  It  will  not  be  expected,  that  a  proper  definition  of  light  as  a 
body  can  be  given,  seeing  it  has  not  as  yet  been  traced  to  its  original 
cause :  some  have  even  doubted  Its  being  material ;  but  if  so,  how 
comes  light  to  act  upon  matter,  and  thereby^  cause  reflection  and 
other  effects  by  it  ?  before  the  assertion  of  its  immateriality  can  be 
proved,  it  must  first  be  shown,  that  nothing  will  act  upon  a  thing 
which  is  absurd. 
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PROPOSITION  I. 

The  rays  of  light  after  issuing  from  the  luminary 
proceed  in  straight  lines. 

PROPOSITION  II. 

If  the  rays  of  light  fall  upon  a  reflecting  plane,  the 
angle  made  by  any  incident  ray,  and  a  perpendicular 
to  the  reflecting  plane,  is  called  the  angle  of  incidence, 
and  will  be  equal  to  the  angle  that  its  reflected  ray  will 
make  with  the  same  perpendicular,  called  the  angle  of 
reflection ;  these  two  propositions  are  known  from 
experiment. 

PROPOSITION  III. 

If  the  rays  of  light  fall  upon  any  curved  surface, 
whether  concave  or  convex,  or  mixed  of  the  two, 
the  angle  of  reflection  will  still  be  equal  to  the  angle 
of  incidence. 

PROPOSITION  IV. 

Any  uneven  reflecting  surface,  whose  parts  lie  in 
various  directions,  will  reflect  the  rays  of  the  sun  in  as 
many  different  directions. 

DEMONSTRATION. 

If  any  ray  fall  upon  a  part  of  the  surface  which  is 
perpendicular  to  that  ray,  it  will  be  reflected  in  the 
same  Hne  as  the  incident  ray  ;  but  the  more  or  less  any 
part  of  the  surface  is  inclined  to  a  ray  falling  upon 
that  part  of  the  surface,  the  greater  or  less  angle  will 
the  reflected  ray  make  with  the  incident  ray.  For, 
imagine  a  perpendicular  to  be  erected  to  that  part  of 
the  surface  where  any  incident  ray  impinges  on  the 
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surface,  it  is  evident  that  the  measure  of  the  angle  of 
incidence  is  equal  to  the  obtuse  angle  made  by  the  in- 
cident ray,  and  the  reflecting  surface  at  the  impinging 
point,  made  less  by  a  right  angle ;  but  the  angle  of 
reflection  is  equal  to  the  angle  of  incidence ;  wherefore 
it  follows,  that  the  whole  angle  formed  by  the  incident 
and  reflected  rays,  are  double  of  the  angle  of  incidence ; 
and  consequently,  a  reflecting  surface,  whose  parts  lie 
in  various  directions,  will  reflect  the  sun's  rays  in  as 
many  directions. 

Corollary,  Hence  appears  the  reason  why  objects 
and  their  parts  become  visible  to  our  sight  when 
immersed  in  shade. 
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DEFINITIONS. 

1.  If  a  given  straight  line  pass  through  or  cut  a 
given  plane,  and  if  an  imaginary  plane  be  supposed  to 
pass  through  any  two  points  in  the  straight  line,  per- 
pendicular to  the  other  plane,  the  angle  made  by  the 
intersection  of  the  two  planes,  and  the  given  straight 
line,  is  called  the  inclination  or  altitude  of  the  given 
line,  on  the  given  plane. 

2.  The  intersection  of  the  two  planes,  is  called  the 
seat  of  the  given  line  on  the  given  plane. 

Corollary.  The  angle  made  by  a  ray  of  light,  and 
the  seat  of  that  ray,  is  the  angle  of  the  sun's  inclination. 

3.  If  on  the  surface  of  any  soUd,  there  be  any  point 
or  points  in  the  surface  where  the  sun's  rays  fall  per- 
pendicular, the  point,  or  points,  which  the  sun's  rays 
fall  perpendicular  to,  are  called  points  of  light. 

4.  If  on  the  surface  of  any  solid,  there  be  any  line 
drawn  upon  that  surface,  and  if  the  line  so  drawn 
upon  the  surface  be  lighter  than  any  other  line  that 
can  be  drawn  upon  the  said  surface,  then  the  line  first 
drawn  is  called  the  line  of  light. 

5.  If  the  sun's  rays  fall  upon  any  solid,  and  if  a  line 
or  lines  be  drawn  on  the  surface  of  the  solid  where  the 
sun's  rays  are  a  tangent,  or  upon  the  place,  or  places, 
of  the  surface  which  divide  the  dark  side  from  the  light 
side,  tlien  the  line,  or  lines,  so  described,  are  called 
lines  of  shade. 

6.  If  the  sun's  rays  be  parallel  to  any  plane,  that  plane 
to  which  they  are  parallel  is  called  a  plane  of  shade. 
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PROBLEM  I. 

Given  the  ichnography  and  elevation  of  a  prism, 
whose  sides  stand  perpendicular  to  the  horizon, 
and  whose  ichnography  is  a  figure  of  any  kind, 
regular  or  irregular ;  given  the  seat  of  the  sun 
on  the  ichnography,  also  on  the  elevation ;  and 
the  intersection  of  the  plane  of  the  elevation, 
with  the  plane  of  the  ichnography ;  the  repre- 
sentation of  the  point  being  likewise  given  on 
the  elevation,  and  also  on  the  ichnography,  to 
determine  the  representation  of  the  shadow  on 
the  elevation. 

Through  the  representation  of  the  given  point  in  the 
plane  of  the  ichnography,  draw  a  line  parallel  to  the 
seat  of  the  sun's  rays  on  that  plane,  and  produce  it  till 
it  cut  the  intersection ;  from  that  point  on  the  elevation, 
draw  a  line  perpendicular  to  the  intersection;  then 
through  the  representation  of  the  given  point  on  the 
elevation,  draw  a  line  parallel  to  the  sun's  seat  on  the 
elevation,  cutting  the  line  that  was  drawn  perpendi- 
cular to  the  intersection,  and  that  point  will  be  the 
representation  of  the  shadow  on  the  elevation. 
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PROBLEM  IL 

Plate  79.    Fig.  1. 

Given  the  altitude  and  seat  of  the  sun  on  the 
horizon,  and  the  intersecti<m  of  a  plane,  making 
a  given  angle  with  the  horizon  ;  to  find  the.  seat 
and  altitude  of  the  sun  on  the  otiier  plane. 

Let  D  F  be  the  seat  of  the  sun  on  the  horizon,  and 
D  F  G  tlie  angle  of  the  sun's  elevation,  E  F  the  inter- 
section of  the  plane  with  the  horizon,  and  ABC  the 
angle  which  that  plane  is  to  make  with  the  horizon. 

Produce  D  F  till  it  meet  E  F  in  F ;  through  any  point 
D,  in  th^  seat  D  F,  draw  D  G  perpendicular  to  D  F, 
cutting  F  G  in  G ;  also  through  D  draw  D  K  perpen- 
dicular to  E  F,  cutting  E  F  in  E  ;  through  D  draw  D  I 
perpendicular  to  D  K ;  make  the  angle  D  E  H  equal 
to  the  given  angle  ABC;  make  D  I  equal  to  D  G ; 
through  I,  draw  I H  perpendicular  to  E  H,  cutting  it 
in  H;  make  EK  equal  to  EH;  join  KF;  from  K 
make  K  L  perpendicular  to  K  F ;  from  K  make  K  L 
equal  to  H  I ;  join  LF;  then  will  KF  be  the  seat  of 
the  sun  on  the  other  plane,  and  K  F  L  will  be  the  angle 
of  the  altitude. 

If  the  plane  KEF  stands  perpendicular  to  the  ho- 
rizon, as  in  Fig.  2,  the  operation  will  be  more  simple,  as 
follows,  the  same  letters  standing  for  the  same  things  : 

Make  EK  equal  to  D  G ;  join  KF;  draw  KL  as 
before,  and  make  K  L  equal  to  D  E  ;  join  L  F ;  then 
will  K  F  be  the  seat  of  the  sun  on  the  horizon,  and 
K  F  L  be  the  seat  of  the  altitude. 
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PROBLEM  III. 
Plate  80.    Fig.  1. 

Given  the  ichnography  ABCDEFGHIK, 
and  elevation  L  M  N  O  of  an  upright  prism, 
whose  base  or  ichnography  is  a  regular  polygon, 
and  the  seat  of  the  sun  s  rays  on  the  base ;  to 
determine  the  various  degrees  of  light  and 
shade  on  the  different  sides  of  the  prism. 

Let  P  Q  in  the  ichnography  be  the  seat  of  the  sun  ; 
and  if  it  cut  C  D  perpendicular,  then  will  C  D  be  the 
lightest  side  of  the  prism,  the  sides  D  E  and  C  B  will  be 
a  small  degree  darker,  as  P  Q  is  more  inclined  to  D  E 
and  C  B  ;  and  in  general,  according  as  the  sides  recede 
on  each  side  of  C  D,  they  will  be  continually  darker, 
until  they  become  wholly  deprived  of  light;  then 
suppose  the  sun's  rays  to  touch  the  side  G  H,  then 
G  H  will  be  the  plane  of  shade,  or  that  side  where  the 
light  will  end. 

Much  in  the  same  manner  may  the  different  degrees 
of  shade  be  found  on  the  surface  of  a  cylinder,  as  in 
Fig.  2,  where  A  B  C  D  is  the  ichnography,  and  G  H I K 
the  elevation :  that  is,  if  B  P  be  the  direction  of  the 
sun's  rays,  cutting  the  ichnography  in  B,  then  will 
B  be  the  lightest  place;  and  it  will  be  continually 
darker  and  darker  in  each  side  of  the  point  B,  until  it 
arrives  at  the  point  C,  where  the  ray  touches  the  side 
of  the  cylinder ;  and  there  the  light  will  end,  and  the 
darkness  begin. 
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PROBLEM  IV. 
Fig.  3  and  4. 

To  represent  the  boundaries  of  light  and  shade 
on  the  elevation  of  a  cone  illumined  by  the 
sun,  given  the  angle  that  any  ray  of  light 
makes  with  the  base  of  the  cone ;  also  to  de- 
termine the  line  of  light,  or  that  place  on  the 
surface  that  will  be  the  lightest. 

Let  AED  be  the  elevation  of  the  cone,  and  let 
F I  L  G  be  the  ichnography  or  base  of  the  cone ;  let 
F  L  be  the  seat  of  any  ray  in  a  plane,  passing  through 
the  axis,  and  let  the  angles  M  L  F,  Fig.  3,  and  L  F  M, 
Fig,  4,  be  the  angles  which  a  ray  of  light  makes  with 
the  base  of  the  cone,  and  let  F  N  L  be  a  section  of  the 
cone  passing  through  the  axis,  and  through  F  L ;  conse- 
quently the  rays  M  L  and  F  M,  will  be  in  that  plane. 

Produce  the  rays  M  L  and  F  M,  if  necessary,  until 
they  cut  the  sides  of  the  section  N  F  and  'N.  L ;  Fig.  3 
will  be  cut  at  the  points  M  and  L,  and  Fig.  4  at  the 
points  F  and  M :  bisect  each  of  the  lines  M  L  and  F  M ; 
and  through  N,  the  vertex  of  the  cone,  and  the  point 
of  bisection,  draw  N  K ;  through  K,  draw  I K  G  at 
right  angles  to  F  L ;  through  the  points  G  and  F,  draw^ 
the  lines  G  C  and  F  B,  perpendicular  to  A  D,  the  re- 
presentation of  the  base,  cutting  A  D  at  B  and  C  in 
the  elevation,  and  join  B  E  and  C  E  :  then  will  B  E  be 
the  lightest  line  that  can  be  drawn  on  the  surface  of 
the  cone,  and  C  E  will  be  the  representation  of  a  line 
which  will  divide  the  light  side  of  the  cone  from  the 
dark  side,  and  BEG  will  be  the  representation  of  half 
the  enlightened  side  of  the  cone. 
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PROBLEM  V. 
Plate  81. 

Given  the  ichnography  and  elevation  of  a  poly- 
gonal ring,  or  a  ring  made  of  cylinders  of 
equal  lengths,  and  making  equal  angles  with 
each  other,  to  determine  the  representation  of 
the  boundaries  of  light  and  shade,  on  the  ich- 
nography and  elevation;  the  sun's  altitude, 
and  seat  to  the  plane  on  which  the  ichnography 
is  described,  being  given. 

Let  A  C  be  the  seat  of  the  sun  in  the  plane  of  the 
ichnography,  cutting  the  thickness  of  the  ring  at  A 
and  B ;  let  ACD  be  the  angle  which  the  sun's  rays 
make  with  the  plane  of  the  ichnography,  or  seat  A  C. 

Bisect  A  B  in  c ;  with  the  radius  c  A  or  c  B,  describe 
a  circle ;  and  through  the  centre  c,  draw  c  d  parallel  to 
C  D,  cutting  the  circle  at  d;  also  through  c,  draw  the 
line  a  b,  at  right  angles  to  c  d,  cutting  the  circle  at  a 
and  b ;  through  the  points  d  and  b,  draw  lines  parallel 
to  the  sides  A  and  B  of  the  ring ;  then  the  dark  line 
nearest  to  A,  will  represent  the  line  of  light ;  and  that 
which  is  nearest  to  B,  will  represent  that  line  which 
separates  the  hght  side  from  the  dark  side. 

To  find  the  lines  of  light  and  shade  on  the  next  side 
of  the  ichnography  :  from  the  centre  C,  draw  C  E  at 
right  angles  to  the  side  E,  cutting  the  sides  E  and  F 
at  E  and  F  ;  through  the  point  A,  draw  H  A  G  at  right 
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other  half  will  be  found  by  observing  that  opposite 
sides  of  the  ring  are  parallel  to  each  other ;  and  conse- 
quently if  one  is  found,  the  other  will  also  be  found ; 
for  the  light  will  be  at  the  same  distance  upon  the 
same  sides  of  that  which  is  to  be  found,  as  that  cylinder 
which  is  found.  Then  to  find  the  lightest  lines  on  the 
elevation.  Fig.  2,  and  also  those  lines  which  will  be  the 
boundaries  of  the  light  and  shade,  proceed  as  follows : 

Through  the  points  71,  0,  p,  q,  draw  the  lines  n  N, 
0  O,  p  P,  5'  Q,  perpendicular  to  the  elevation,  cutting 
the  line  P  K,  which  represents  a  plane  passing  through 
the  axis  of  all  the  straight  cylinders,  at  the  points  P, 
0,1^,0;  make  P  H  equal  to  p  k ;  from  Q,  make  Q  E 
equal  to  qe;  from  N,  make  N  D  equal  to  nd;  from  O, 
make  O  A  equal  to  0  a ;  then  through  the  points  H,  D, 
E,  A,  Fig.  2,  draw  lines  parallel  to  P  K :  then  will  the 
lines  H  and  D,  represent  the  lines  of  light,  and  E  and 
A  will  represent  the  lines  of  shade.  Now  since  the  side 
D  A,  in  the  elevation.  Fig.  2,  represents  the  cylindrical 
part  A  B  on  the  ichnography,  and  because  the  lines 
of  light  and  shade  are  in  the  same  order  on  each 
side  of  A  B  :  that  is,  the  light  and  shade  will  be  the 
same  height  from  the  plane  of  the  ichnography,  on 
each  of  the  cylindrical  parts  that  are  equidistant  from 
the  cylindrical  part  A  B,  on  each  side  of  it,  and  conse- 
quently will  be  represented  on  each  of  the  cylindrical 
parts.  Fig.  2,  equidistant  from  A  D,  at  the  same  alti- 
tude ;  then  make  P  H  and  Q  E,  the  next  cylindrical 
part  to  the  centre  of  the  elevation,  equal  to  P  H  and 
Q  E,  on  the  outside  cylindrical  part,  which  the  side 
E  F  on  the  ichnography  represents ;  make  S  M  and 
RG,  in  the  elevation,  equal  to  sm  and  rg,  on  the  ich^ 
nography  ;  the  height  of  the  lines  on  each  side  of  the 
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elevation  representing  the  light  and  shade,  being  taken 
from  its  corresponding  place  on  the  ichnography,  as 
already  shown,  will  complete  the  lines  of  light  and 
shade  on  the  elevation.  This  preparation  is  necessary 
to  the  shading  of  Plate  82. 

OBSERVATIONS. 

1.  If  the  seat  of  the  sun's  rays  be  drawn  on  any 
plane,  and  if  a  cylinder  lay  on  that  plane  with  its  axis 
perpendicular  to  its  seat,  and  parallel  to  the  plane,  the 
lightest  line  on  the  cylinder  will  be  nearer  the  plane  in 
this  position  than  in  any  other.  2.  But  if  the  axis  of 
the  cylinder  make  oblique  angles,  then  the  line  of 
light  will  be  higher  on  the  cylinder.  3.  Again,  if  the 
axis  of  the  cylinder  be  parallel  to  the  seat  of  the  sun, 
the  lightest  line  on  the  cylinder,  in  this  case,  will  be 
at  its  greatest  distance  from  the  plane,  because  then 
the  line  of  light  will  be  where  a  plane  passing  through 
the  axis  of  the  cylinder  cuts  the  upper  surface  perpen- 
dicular to  the  plane  on  which  the  cylinder  lies ;  the 
line  of  light  in  the  first  position  of  the  cylinder,  is 
brighter  than  the  line  of  light  in  the  second  position 
of  the  cylinder,  and  the  line  of  light  in  the  second 
position  of  the  cylinder  is  brighter  than  the  line  of 
light  in  the  third  position  of  the  cylinder ;  the  axis  of 
the  cylinder  in  all  these  cases  being  parallel  and  equi- 
distant from  the  plane  of  the  ichnography :  conse- 
quently the  lines  of  light  in  the  first  and  third  positions 
of  the  cylinder,  are  the  extremes  of  all  the  varieties 
which  happen  between  these  two  positions :  that  is, 
the  first  is  the  lightest  possible,  and  the  third  is  the 
darkest  possible.  The  boundaries  of  light  and  shade, 
called  in  this  book  the  fines  of  shade,  or  those  lines 
which  separate  the  light  side  from  the  dark  side,  are 
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always  at  a  quadrant's  distance  from  each  other ;  and 
consequently  that  arc  which  is  the  under  line  of 
darkness  in  the  first  position,  will  be  higher  in  the 
second  position,  and  still  higher  in  the  third  position  ; 
and  if  a  plane  be  made  to  touch  the  cylinder  upon  that 
line,  it  will  be  perpendicular  to  the  plane  on  which  the 
cylinder  lies,  and  therefore  its  ichnography  will  be 
represented  by  the  edge  of  the  cylinder.  Now  suppose 
the  cylinder  to  be  turned  round  by  moving  continually 
the  same  way,  until  the  axes  of  the  cylinder  come  into 
that  position  in  which  the  axis  would  be  perpendicular 
with  its  seat,  then  the  line  of  darkness  would  be 
in  its  highest  position. 

The  example  of  this  polygonal  ring,  is  to  show  the 
manner  of  shadowing  cylinders,  in  different  positions, 
when  their  axes  are  parallel  to  the  same  plane ;  this- 
will  be  more  clear,  by  comparing  Plate  81  with  82. 

— ^  ♦  ♦ — 

PROBLEM  VI. 
Plate  83. 

To  find  the  lightest  line,  also  the  line  that  divides 
the  lightest  side  from  the  dark  side  on  the  ich- 
nography and  elevation  of  a  circular  ring. 

Let  A  C  be  the  seat  of  the  sun,  or  any  line  parallel 
to  it  passing  through  the  centre  C  of  the  ichnography. 
Fig.  1,  cutting  the  thickness  of  the  ring  at  B  and  H ; 
and  let  B  C  D  be  the  sun's  altitude ;  take  the  point  G, 
at  one  quarter  of  the  circumference  of  the  ring,  distant 
from  the  point  B  ;  and  take  any  points  E  and  F  in  the 
circumference  between  B  and  G,  and  draw  the  lines 
E  C,  F  C,  and  G  C,  cutting  the  inside  of  the  ring  at  I,  K, 
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and  L;  through  the  pomt  B,  draw  the  lines  BM,  BN, 
and  B  U,  each  respectively  perpendicular  to  E  C,  F  C, 
and  GC,  cutting  EC,  FC,  and  G  C,  at  O  and  P ; 
make  O  M,  PN,  and  C  U,  each  equal  to  BD;  join 
CM,  C;N,  and  CU,  on  B  H,  EI,  FK,  and  GL,  as 
diameters,  describe  circles,  whose  centres  are  a,  h,c,v; 
through  these  centres  draw  the  lines  cd,  cniy  en,  and 
wu,  parallel  to  C  D,  C  M,  C  N,  and  C  U,  cutting  the 
circles  at  d,  n,  u,  and  c,  c,  c,  lo ;  also  through  the 
centres  «,  b,  c,  v,  draw  lines  iq,  ps,  ky,  and  LG, 
respectively  perpendicular  to  C  D,  C  M,  C  N,  and  C  U, 
cutting  the  circle  at  i    p  s,  ky,  and  L  G. 

Through  the  points  d,  m,  u,  draw  the  lines  dg,  m  e, 
no,  and  uv,  perpendicular  to  the  diameters  BH,  EI, 
FK,  and  GL,  cutting  B  H,  EI,  FK,  and  GL,  re- 
spectively at  the  points  g,  e,  o,  v;  draw  a  curve  which 
will  be  part  of  the  line  of  light  for  one  quarter ;  also 
through  the  points  q,  s,  y,  draw  the  lines  q  r,  s  t,  and 
y  X,  cutting  the  diameters  at  r,  t,  x ;  then  through  the 
points  r,  t,  x,  and  L,  draw  a  curve  line  rtxL,  which 
will  be  the  upper  line  of  shade  for  that  quarter,  or 
that  line  which  divides  the  dark  side  from  the  light 
side,  upon  the  upper  side  of  the  ring  on  that  half 
which  is  next  to  the  luminary. 

One  quarter  being  now  found  of  the  line  of  light  and 
shade,  on  the  ichnography  of  the  visible  side  of  the 
ring,  the  other  three  quarters  will  be  found  from  that 
quarter  which  is  already  found,  in  the  same  manner  as 
in  the  last  Problem,  and  the  points  D,  M,  N,  U,  also 
I,  P,  K,  G,  in  the  elevation ;  the  curves  D,  M,  N,  U, 
and  I,  P,  K,  G,  being  drawn,  then  D  M  N  U  will  be 
the  line  of  light,  and  I  P  K  G  the  line  of  shade. 
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OBSERVATIONS   FOR  THE  SHADOWED  PLATE. 

In  the  ichnography.  Fig.  1,  the  points  g  and  Q  in 
the  line  of  light,  which  are  diametrically  opposite  to 
each  other,  are  hghter  than  any  other  point  or  points 
in  that  line,  because  the  sun's  rays  strike  the  ring 
perpendicular  at  these  two  points  in  that  line,  but  at 
no  other;  and  the  points  e,  o,  v,  as  they  recede  from  g, 
will  be  gradually  darker  and  darker :  then  the  line  of 
light  on  each  side  of  the  point  g  will  be  darker  and 
darker,  until  it  arrives  at  a  quadrant's  distance  on 
each  side  of  it :  that  is,  at  v  and  R  :  then  the  points  v 
and  R,  will  be  darker  than  any  other  point  or  points 
taken  in  the  line  of  light ;  and  the  points  R  and  v, 
which  represent  the  highest  points  of  the  ring,  will 
divide  the  thickness  of  the  ichnography  into  two  equal 
parts  at  these  points. 

In  the  line  of  shade,  namely,  that  line  which  is 
most  distant  from  the  plane  of  the  ichnography,  which 
will  be  the  upper  line  of  shade,  on  that  half  of  the 
ring  which  is  next  to  the  luminary,  at  the  point  r,  it 
will  be  hio-hest :  and  as  it  recedes  on  each  side  of  the 
point  r,  it  will  be  lower  and  lower,  until  it  arrives  to 
the  opposite  side  of  the  ring,  which  will  be  the  lowest 
point  upon  the  sides  at  S  and  L ;  at  a  quadrant's  dis- 
tance from  H,  it  will  touch  the  inner  ichnography  at 
S  and  L ;  that  is,  at  half  the  height  of  the  ring  from 
the  plane  of  the  ichnography. 
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PROBLEM  VIL 

Plate  85.* 

To  represent  the  lines  of  equal  gradation  on  the 
surface  of  a  sphere ;  given  the  seat  of  a  ray 
of  light  on  the  plane  of  projection,  and  the 
elevation  of  the  ray. 

Let  A  B  be  the  diameter  of  the  sphere  and  seat  of 
the  sun.  Find  the  centre  C,  and  describe  a  circle  with 
the  radius  C  A  or  C  B ;  this  circle  will  represent  the 
contour  of  the  sphere.  Make  the  angle  A  C  D  equal 
the  elevation  of  the  ray  above  the  seat  C  A ;  and  let 
C  D  be  produced  so  as  to  cut  the  circumferent  line 
in  D  and  E.  Draw  the  lines  FG,  HI,  KA,  LM, 
NO,  P Q,  perpendicular  to  D E,  to  cut  the  circle  at 
the  points  F,  G,  H,  I,  K,  A,  L,  M,  N,  O,  P,  Q,  then 
wiU  FG,  HI,  KA,  LM,  NO,  PQ,  be  the  diame- 
ters of  circles  which  have  equal  intensities  of  light 
around  each  circumference  on  the  sphere.  Draw 
DR,  GS,  FT,  HV,  KG,  LW,  NX,  PY,  perpen- 
dicular to  B  A ;  then  R  will  be  the  projected  point, 
representing  the  lightest  point  on  the  surface ;  T  S  is 
the  shorter  axis  of  the  ellipsis,  and  F  G  the  greater. 
Describe  the  ellipsis  aTbS,  which  will  represent  a 
circle  of  equal  intensity  of  light  in  every  part  of  its 
circumference  on  the  surface  of  the  sphere.  In  like 
manner,  if  the  ellipsis  cY  dehe  drawn,  it  will  represent 
another  circle  of  equal  intensity.  Proceed  in  this 
manner,  and  represent  all  the  intermediate  circles  of 
the  sphere  to  that,  the  diameter  of  which  is  P  Q, 
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where  a  ray  of  the  sun  would  at  any  point  be  a 
tangent,  and  the  representation  of  this  last  circle 
KYZ,  will  be  the  line  of  separation  of  light  and 
shade;  then  every  succeeding  ellipsis  toward  the 
lightest  point  R,  will  represent  graduating  lines  con- 
tinually lighter. 

Plate  86  * 
Shadowed  according  to  the  former  projection 
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PROBLEM  VIII. 

Plate  85.    Fig.  1. 

Given  the  ichnography  and  elevation  of  a  cy- 
linder, having  a  square  projecture  or  abacus, 
and  the  seat  of  the  sun  on  the  ichnography, 
also  its  seat  on  the  elevation;  to  find  the 
shadow  of  the  abacus,  also  the  line  of  light 
and  shade  on  the  cylinder. 

Let  A  H I K  L  M  N  O  B  be  the  ichnography  of  the 
cylinder ;  D  E  F  G  be  that  of  the  abacus ;  V  W  the 
elevation  of  the  cylinder ;  and  E  F  the  elevation  of  the 
abacus  ;  let  C  F  be  the  seat  of  one  of  the  sun's  rays  on 
the  ichnography,  passing  through  the  centre  C  ;  draw 
F  0,  making  an  angle  with  E  F,  equal  to  the  angle 
which  the  seat  of  any  of  the  rays  make  with  EF; 
through  C,  draw  C  H,  perpendicular  to  C  O,  cutting 
the  ichnography  at  H ;  between  the  points  H  and  O, 
take  any  points  I,  K,  L,  M,  and  N ;  then  through  the 
points  H,  I,  K,  L,  M,  N,  draw  lines  H  P,  I Q,  K  R, 
L  S,  M  T,  N  U,  parallel  to  C  F,  cutting  H  P  at  P,  Q,  R, 
S,  T,  U ;  through  the  points,  P,  Q,  R,  S,  T,  U,  draw 
lines  parallel  to  F  o ;  also  through  the  points  H,  I,  K, 
L,  M,  N,  O,  draw  lines  HA,  li,  Kk,  LI,  Mm,  N«, 
O  0,  parallel  to  the  sides  of  the  cylinder,  cutting 
V  h,  Q  i,  R  /r,  S  /,  T  m,  U  w,  F  0,  at  the  points  h,  i,  k,  I, 
m,  n,  o;  through  these  points  draw  a  curve,  and  it 
will  be  the  shadow  of  the  abacus;  H/i  will  be  the 
line  of  shade,  and  O  o  the  line  of  light ;  this  appears 
clearly  by  the  shadowed  Plate  86. 
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PROBLEM  IX. 
Fig.  2. 

Given  the  ichnography  and  elevation  of  a  cy- 
linder, having  a  circular  projection  over  it; 

.  the  seat  of  the  sun  on  the  ichnography,  also 
its  seat  on  the  elevation  being  given,  to  find 
the  shadow  of  the  projecture  on  the  cylinder ; 
also  the  line  of  light  and  shade. 

Let  A  D  E  F  G  H I B  be  the  ichnography  of  the  cy- 
linder, and  R  K  L  M  N  O  P  Q,  the  ichnography  of  the 
projection;  let  UT  be  the  elevation  of  the  cylinder, 
and  VS  that  of  the  projecture:  also  let  C  O  be  the 
seat  of  the  sun's  rays,  passing  through  the  centre  C 
of  the  ichnography,  and  o  h,  the  seat  of  the  sun  on  the 
elevation. 

Through  C,  draw  CD  perpendicular,  cutting  the 
circumference  of  the  inner  circle  at  D,  take  any  point 
E,  F,  G,  I,  B,  in  the  circumference,  draw  the  lines 
DK,  EL,  FM,  GN,  HO,  IP,  and  B  O,  parallel  to 
C  H,  cutting  the  outward  circle  at  the  points  K,  L,  M, 
N,  O,  P,  Q;  from  the  points  D,  E,  F,  G,  H,  I,  draw 
the  lines  D(i,  Ee,  Fy,  Gg,  HA,  li;  also  through  the 
points  K,  L,  M,  N,  O,  P,  Q,  draw  the  hues  KA;,  L/, 
M  m,  N  w,  O  0,  Pp,  Q  cutting  V  S  at  the  points  k,  I, 
m,  n,  0,  p,  q ;  through  the  points  k,  /,  m,  n,  o,p,  q,  draw 
kd,  le,  mf,  ng,  0  h,  pi,  parallel  to  oh,  cutting  D  d, 
E  e,  Ff,  Gg,  HA,  li,  at  the  points,  d,  e,f,  g,  h,  i:  a 
curve  being  traced  through  these  points,  will  be  the 
representation  of  the  shadow  upon  the  cylinder  :  D  d 
will  be  the  line  of  shade,  and  H  the  line  of  light. 


1 

1 

5 

1 


/y.<?7. 


SHADOWS. 


61 


PROBLEM  X. 
Plate  87. 

The  ichnography  and  elevation  of  the  prism  stand- 
ing upon  a  polygonal  base,  having  the  projecture 
or  cap  of  the  same  figure  upon  it,  projecting 
equally  over  its  sides ;  given  the  seat  of  the  sun's 
rays  on  the  plane  of  the  ichnography,  and  also 
on  the  elevation  ;  to  project  the  shadow  of  the 
cap  on  the  prism,  and  also  on  a  plane  parallel 
to  the  axis  of  the  prism. 

Let  ABCDEFGbe  thtj  ichnography  of  the  prism, 
HIJKLMN  the  ichnography  of  the  cap  WA,  and 
G  P  parts  of  the  ichnography  of  the  plane  on  each 
side  of  the  prism,  J  W  be  the  projection  of  a  ray  on  the 
ichnography,  and  jw;  one  on  the  elevation.  From  all 
the  points  H,  I,  J,  K,  L,  M,  N,  in  the  ichnography  of 
the  angles  of  the  cap,  draw  the  lines  H  A,  I  i,  Jj,  K  k, 
L  M  ?w,  N  n,  perpendicular  to  W  P,  to  cut  the  under 
side  of  the  cap  at  h,  i,j,  k,  Z,  m,  n.  Draw  the  lines 
A4«,  B5Z»,  C6c,  D7  J,  E8e,  F9/,  GlOg,  perpen- 
dicular to  WP,  cutting  the  bottom  of  the  prism  at 
4,  5,  6,  7,  8,  9,  10,  then  the  lines  4  a,  5  6  c,  7  c?,  8 
9y,  10  g,  represent  the  angles  on  the  elevation.  Draw 
the  lines  H  Z,  I X,  J  W,  KQ,  LR,  M  T,  NU,  parallel 
to  J  W,  cutting  the  ichnography  of  the  plane  at  the 
points  Z,  X,  W,  and  the  ichnography  of  the  prism,  at 
Q,  R,  T,  U.  Through  the  points  h,  i,  j,  k,  /,  m,  n,  the 
projection  of  the  angles  of  the  cap  on  its  under  edges, 
and  parallel  to  jw,  draw  the  projections  of  the  rays  hz, 
ix,jw,  kq,  Ir,  mi,  nu.  Draw  the  perpendiculars  Zz, 
X  X,  W  Wy  Q  g',  R  r,  T  t,  U  w,  then  the  points  z,  oc,  w, 
are  the  projections  of  the  angles  of  the  cap  on  the  plane, 
and  r,  t,  u,  the  projection  of  the  other  angles  on  the 
elevation  of  the  prism.  Draw  C  Y  to  touch  the  prism 
at  C,  and  draw  Y y  perpendicular  to  WP,  then 
will  be  the  termination  of  the  shadow  of  the  body  of  the 
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prism  on  the  wall.  Then  because  that  the  point  q  is  in 
the  plane  6cd7,  the  point  r  in  the  plane  7  deS,  and 
the  points  t  and  u  in  the  plane  9fg  10,  and  the  lines 
jk,  kl,  mn,  parallel  to  these  planes  ;  the  lines  jk,  kl, 
m  n,  will  make  parallel  shadows ;  therefore  draw  q  c, 
rd,t  u,  parallel  to  j  k,  kl,  or  m  n,  to  cut  c  6  in  c.  A:  7 
in  d,  and  Gg  at  u:  join  d^^;  then  to  find  the  depth  of 
the  shadow  of  Im  on  the  elevation,  draw  &S  on  the 
ichnography  parallel  to  JW ;  draw  &<5r  perpendicular  to 
WP,  likewise  &s,  parallel  to  the  ray  on  the  elevation, 
and  S  s  parallel  to  the  axis  of  the  prism  ;  then  s  is  the 
depth  of  the  shadow  :  but. as  the  projections  of  the  ex- 
tremities oflm  fall  upon  the  adjacent  planes  at  r  and  t, 
draw  ef  through  s,  cutting  8  e  at  e,  and  9/  at  f ;  then  join 
er,  ft.  Lastly,  draw  G  V  on  the  ichnography  parallel  to 
W  J,  cutting  the  projection  of  the  cap  at  V  :  draw  V  v 
perpendicular,  cutting  the  cap  at  v,  and  draw  v  g  parallel 
to  the  rays  on  the  elevation,  and  join  u  g  ;  then  cqd, 
reftug,  will  be  the  shadow  of  the  cap  on  the  eleva- 
tion ;  but  as  the  shadow  of  the  parts  of  the  abacus  H  I, 
I  J,  will  be  from  the  top  of  the  cap :  make  wl,  x2,  z3, 
parallel  to  the  angles  of  the  prism  on  the  elevation,  and 
equal  to  the  thickness  of  the  cap.  Join  1  2,  23;  then 
will  3,  2,  1,  w,  y,  be  the  shadow  of  the  abacus  on  the 
wall.  Through  g  draw  g  m  and  k  i  in  the  same  straight 
line  with  gm,  cutting  3  2  at  k ;  then  ik2/2^;y,  is  the 
complete  shadow  of  the  cap  on  the  plane. 

Much  after  the  same  manner  may  the  shadow  of  a 
cylinder  be  found,  having  a  circular  projection  over  it, 
as  is  shown  at  Fig.  2;  and  also  the  shadow  of  the  cy- 
linder and  projecture  may  be  found  on  a  plane  parallel 
to  the  axis  of  the  cylinder,  having  the  same  thing 
given  as  before  ;  but  for  more  easy  inspection,  letters 
are  placed  on  the  ichnography  and  elevation,  repre- 
senting the  corresponding  parts  of  each  other:  that  is, 
capital  letters  are  placed  on  the  ichnography,  and  small 
letters  of  the  same  name  on  the  elevation,  representing 
those  of  the  sam;e  name  on  the  ichnography. 
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PROBLEM  XL 

Plate  89. 

Given  the  seat  and  altitude  of  the  sun  on  any 
plane,  also  the  seat  and  altitude  of  a  line  to 
the  same  plane ;  to  determine  the  shadow  of 
the  line  upon  that  plane. 

Let  K  L  be  the  seat  of  the  line  upon  the  plane,  and 
H  G I  the  angle  which  the  line  makes  with  its  seat ; 
make  the  angle  M  K  L  equal  to  the  angle  H  G I ; 
through  L  draw  L  M  perpendicular  to  K  L,  cutting 
KM  at  M ;  also  through  L  draw  L  O  parallel  to  the 
seat  of  the  sun ;  again,  through  L  draw  L  N  perpen- 
dicular to  L  O,  and  make  L  N  equal  to  L  M ;  then  upon 
the  right  line  LN,  and  from  the  point  N,  make  the 
angle  L  N  O  equal  to  the  complement  of  the  angle  of 
the  sun's  inclination  to  a  right  angle ;  produce  N  O, 
cutting  L  O  at  O  ;  then  join  the  points  K  and  O,  and 
the  hne  K  O  will  be  the  shadow  required. 

This  Problem  will  be  found  of  great  use  in  finding 
the  shadows  upon  inclined  planes. 

Note.  If  the  seat  and  altitude  of  the  sun  be  given  on 
any  other  plane,  making  a  given  angle  with  the 
plane  on  which  the  shadow  is  to  be  projected; 
the  sun's  altitude  and  seat  may  be  found  by 
Problem  II. 
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PROBLEM  XIL 
Plate  89. 

Given  the  seat  and  angle  of  inclination  of  the 
sun  on  the  horizon,  and  the  intersection  of  a 
plane  perpendicular  to  the  horizon  ;  to  deter- 
mine the  angles  which  a  plane  of  shade  made 
by  a  right  line,  parallel  both  to  the  horizontal 
and  perpendicular  planes,  will  make  with  each 
of  the  planes. 

Let  AB  be  the  seat  of  the  sun  on  the  horizon,  and 
A  B  D  the  angle  of  inclination  to  the  seat  A  B,  and  let 
C  B  be  the  intersection  of  a  plane  perpendicular  to  the 
horizon ;  take  any  point  C  in  C  B,  and  from  C,  draw 
C  A  perpendicular  to  C  B,  cutting  A  B  at  A ;  from  A, 
draw  A  E  perpendicular  to  A  C,  and  A  D  perpendicular 
to  A  B,  cutting  D  B  at  D  ;  make  A  E  equal  to  A  D, 
and  join  C  E,  then  will  the  angle  B  C  E  be  the  angle 
which  the  plane  of  shade  makes  with  the  perpendicular 
plane,  and  the  angle  ACE  the  angle  which  the  plane 
of  shade  makes  with  the  horizon. 

This  Problem  will  be  very  useful  in  shading  mould- 
ings which  project  from  planes  that  stand  perpendi- 
cular to  the  horizon,  the  sun's  altitude  and  seat  being 
given  to  the  horizon;  as  will  be  shown  in  the  next 
Problem. 
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SCHOLIUM. 

The  form  or  shape  of  mouldings,  in  most  cases,  may 
be  ascertained  from  the  various  degrees  of  light  and 
shade  upon  them,  without  observing  the  profiles ;  which 
will  appear  evident  from  the  following  observations. 

OBSERVATIONS  ON   SURFACES,  AND  THEIR  POWER 
TO    KEFLECT  LIGHT. 

It  has  already  been  observed  in  the  second  proposi- 
tion, that  if  the  sun's  rays  fall  upon  a  reflecting  plane, 
the  angles  made  by  the  reflected  rays,  with  perpendi- 
culars at  the  impinging  points,  will  be  equal  to  the 
angles  made  by  their  corresponding  incident  rays  with 
the  said  perpendiculars  ;  so  that  the  rays  in  this  case 
will  have  only  one  direction  after  reflection  :  but  by 
experiment  we  are  shown  that  there  is  no  such  thing 
as  a  perfect  plane ;  for  if  a  surface  is  even  polished  to 
the  greatest  degree,  yet  this  polished  surface  will  be 
but  rough  and  uneven ;  for  if  viewed  through  a  mi- 
croscope having  a  great  magnifying  power,  the  surface 
will  appear  quite  irregular,  and  the  diflerent  parts  of 
the  surface  will  be  inclined  to  any  fixed  plane,  in  all 
manner  of  directions  ;  and  consequently,  if  the  sun's 
rays  fall  upon  such  a  surface,  the  rays  will  not  be  en- 
tirely reflected  in  the  same  direction,  but  a  great  part 
of  them  will  be  reflected  in  all  manner  of  directions  by 
the  different  positions  of  the  surface,  by  Proposition  IV. 
But  it  may  be  observed,  that  the  higher  any  surface 
can  be  polished,  the  nearer  it  approximates  to  a  plane, 
and  consequently  the  rays  will  be  more  and  more  re- 
flected in  the  same  direction ;  therefore  there  is  no 
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surface  which  will  reflect  the  sun's  rays  entirely  in 
the  same  direction  that  is  parallel  to  each  other,  but  a 
great  part  of  them  will  be  reflected  in  all  manner  of 
directions  :  it  will  be  also  necessary  to  observe,  that 
the  power  of  reflection  will  depend  very  much  on  the 
lightness  of  the  colour  of  materials ;  for  the  darker 
any  substance  is,  the  more  will  the  rays  of  light  be 
absorbed  in  that  substance,  and  consequently  will  have 
a  less  power  to  reflect. 

White  being  the  lightest  of  all  colours,  it  will  there- 
fore reflect  the  most  rays  ;  and  the  more  any  substance 
inclines  to  a  white,  the  greater  power  will  that  surface 
have  to  reflect  the  rays  of  light. 

OBSERVATIONS   ON    MOULDINGS   IN  SHADE. 
CASE  I. 

If  the  sun^s  rays  fall  upon  any  building ;  also  upon 
the  ground  or  horizon  below  the  building  ;  and  if  there 
are  any  projectures  from  the  building,  such  as  mould- 
ings, or  other  ornaments,  and  if  any  of  the  parts  of 
those  mouldings  or  ornaments  are  entirely  in  shadow 
by  the  projecture  of  something  else  which  prevents 
the  rays  from  falling  upon  them,  those  parts  of  the 
mouldings  which  are  in  shade  will  become  visible ;  for, 
besides  a  reflection  from  the  ground,  there  will  be  a 
strong  reflection  from  the  surface  of  the  building,  im- 
mediately under  the  mouldings  or  ornaments.  It  has 
already  been  observed,  that  these  rays  will  be  reflect- 
ed in  ail  directions,  and  consequently  a  part  of  them 
will  be  reflected  upwards  on  the  mouldings  above,  and 
therefore  will  show  light  and  shade  on  the  mouldings, 
according  as  the  reflected  rays  fall  more  or  less  per- 
pendicular on  their  surfaces. 
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Hence  the  reason  why  all  perpendicular  sides  of  fil- 
lets will  be  darker  in  shade  than  the  horizontal  sides. 

An  ovolo  having  a  projecture  over  it,  so  as  to  prevent 
the  sun*s  rays  from  falling  upon  it,  the  reflected  rays 
being  more  and  more  inclined  from  the  under  edge  to- 
wards the  upper  edge,  it  will  therefore  be  lightest  below, 
and  will  be  gradually  darker  and  darker  upwards. 

A  cavetto  or  hollow,  immersed  in  shade,  will,  for  the 
same  reason,  be  darkest  below,  and  will  be  continually 
lighter  to  the  upper  edge. 

A  cimareversa,  in  shade,  will  be  darkest  above  and 
below,  and  lightest  in  the  middle ;  for  this  moulding 
is  composed  of  an  ovolo  above,  and  a  cavetto  below. 

A  cimarecta,  in  shade,  will  be  lightest  above  and 
below,  and  darkest  in  the  middle. 

These  are  general  rules  for  shading  horizontal- 
mouldings. 

OBSERVATIONS   ON   VERTICAL  MOULDINGS. 
CASE  11. 

All  upright  or  perpendicular  mouldings,  in  shade, 
or  being  in  part  so,  will  receive  a  reflection  from  those 
surfaces  which  are  next  to  them;  for  they  cannot 
receive  a  reflection  from  the  contrary  side,  by  reason 
of  their  projection,  which  will  prevent  the  ray  that  is 
reflected  from  that  side  from  falling  on  them. 

Therefore  it  is  plain,  in  these  cases,  the  forms  of 
mouldings  may  be  known  by  reflection. 
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Artists  give  this  rule  for  shadowing :  that  is,  to 
shade  all  mouldings  or  other  ornaments  which  are  in 
shade,  inverse  to  those  on  which  the  sun's  rays  fall, 
from  the  contrary  side  of  the  reflected  rays.  But  this 
rule  is  not  only  very  uncertain,  depending  much  on 
the  situation  of  other  objects  which  surround  these 
mouldings  or  ornaments,  but  in  some  cases  very  erro- 
neous, as  in  the  example  of  mouldings  perpendicular 
to  the  horizon  :  for  mouldings  in  this  situation,  as  has 
been  observed,  will  receive  a  reflection  from  that  side 
which  is  next  to  the  front  of  the  moulding,  if  some- 
thing else  does  not  project  to  a  great  distance  from 
that  surface  from  which  the  reflection  comes.  If  a 
cylinder  or  column  is  attached  to  a  Wall  in  a  vertical 
position,  and  if  it  has  any  projecture  over  it,  so  as  to 
cause  that  part  under  the  projecture  to  be  in  shade 
quite  round  the  cylinder,  there  will  not  only  be  a 
reflection  from  the  wall  on  the  contrary  side  of  the 
cylinder,  to  the  sun  upon  that  side  of  the  cylinder 
which  is  next  to  it,  but  also  from  that  part  of  the  wall 
on  that  side  of  the  cylinder  next  to  the  sun,  which 
will  make  that  part  of  the  cylinder  which  is  in  shadow 
ligchtest  at  the  two  sides  and  darkest  in  the  middle. 
Something  of  the  same  kind  may  be  seen  in  Ionic  co- 
lumns attached  to  a  wall ;  where  it  may  be  observed, 
when  the  sun  shines  upon  one  side  of  them,  suppose 
that  side  of  the  column  which  is  on  the  right  hand, 
then  the  right  hand  volute  will  throw  a  shadow  upon 
the  light  side  of  the  column,  which  shade  will  be  light- 
est on  that  edge  which  is  next  to  the  wall  and  to  the 
luminary,  and  darkest  at  that  edge  next  to  the  middle 
of  the  column. 
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OBSERVATIONS  ON  MOULDINGS  IN  SHADE,  WHEN 
SITUATE  ON  THE  SIDE  OF  AN  OBJECT  WHICH  IS 
ENTIRELY  IN  SHADE,  AND  ALSO  THE  GROUND 
UNDER  THAT   SIDE   IN  SHADE. 

CASE  III. 

In  a  building  where  one  end  or  side  is  entirely  in 
shade,  and  also  a  great  part  of  the  ground  under  that 
end  in  shade,  there  will  he  little  or  no  reflection  from 
the  ground  upwards,  nor  from  the  surface  of  the  build- 
ing, and  consequently  little  reflection  upon  the  mould- 
ings from  below  :  the  only  light  which  they  receive  is 
from  a  kind  of  scattered  or  confused  rays  in  the  atmos- 
phere, and  small  reflections  from  the  horizon ;  and 
therefore  horizontal  mouldings,  or  ornaments,  in  this 
situation,  which  have  but  small  projectures  over  them, 
will  have  a  contrary  effect  to  mouldings  in  shadow, 
situate  on  the  light  side  of  an  object. 

An  ovolo,  placed  horizontal,  and  whose  greatest  pro- 
jecture  is  upwards,  upon  the  dark  side  of  an  object, 
will  be  lightest  above,  and  continually  darker  and 
darker  to  the  under  edge. 

A  cavetto,  having  its  greatest  projecture  upwards, 
placed  horizontal  on  the  dark  side  of  an  object,  will  be 
darkest  above,  and  continually  Hghter  and  lighter  to 
the  under  edge. 

A  cimareversa,  placed  horizontal  on  the  dark  side  of 
the  object,  having  its  greatest  projection  upwards,  will 
be  darkest  in  the  middle,  and  Hghtest  above  and 
below. 
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A  cimarecta,  whose  greatest  projecture  is  upwards, 
and  placed  horizontal,  will  be  darkest  above  and 
below,  and  lightest  in  the  middle. 

All  horizontal  projectures  on  the  dark  side  of  an 
object  will  condense  the  shade  under  them,  and  con- 
sequently will  appear  more  or  less  dark,  according  as 
the  projecture  is  more  or  less. 

These  are  general  rules  for  shading  mouldings  on  the 
dark  side  of  an  object  from  scattered  light;  however, 
there  are  some  exceptions  to  these  rules ;  that  is,  when 
any  of  these  mouldings  have  a  very  great  projecture 
over  them,  this  projecture  will  hinder  the  scattered 
rays  from  falling  upon  the  mouldings ;  but  as  they 
will  receive  a  small  reflection  from  the  horizon  below, 
and  therefore  the  most  of  the  scattered  and  reflected 
rays  will  fall  obliquely  on  the  moulding ;  thus  the 
lightest  place  of  an  ovolo  will  not  be  exactly  on  the 
under  edge,  but  somewhere  between  the  under  and 
upper  edge,  and  will  be  nearest  to  either,  according  as 
the  shadow  on  the  ground  is  less  or  more  distant  from 
that  side  of  the  object,  and  according  as  the  projecture 
over  the  moulding  is  more  or  less,  and  also  according 
to  the  position  and  distance  of  other  surrounding 
objects ;  all  these  different  circumstances  combining 
together,  will  vary  the  places  of  hght  and  shade  on 
horizontal  mouldings,  which  are  situate  on  the  dark 
side  of  an  object. 

An  horizontal  cavetto  on  the  dark  side  of  an  object 
having  a  projecture  over  it  as  before,  the  lightest  place 
will  be  somewhere  between  the  upper  and  under  edge, 
as  in  the  ovolo,  and  both  mouldings  would  have 
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actually  the  same  appearance  if  their  profiles  could 
not  be  observed;  when  most  of  the  scattered  and 
reflected  rays  are  in  a  plane,  making  equal  angles 
with  the  horizon,  and  with  that  side  of  the  object  in 
shade :  that  is,  forty-five  degrees  with  each  other ; 
and  consequently  mouldings  in  this  situation  will  be 
less  distinct  than  mouldings  in  shade,  on  that  side  of 
the  object  which  the  sun  shines  on. 

FURTHER  OBSERVATIONS  ON  THE  EFFECT  THAT 
REFLECTED  LIGHT  WILL  HAVE  ON  CORNICES, 
WHICH  HAVE  MODILLIONS  OR  MUTULES,  DEN- 
TILS, &C.  OR  ANY  OTHER  PROJECTING  ORNA- 
MENTS  OF  A   NATURE  SIMILAR  TO  THEM. 

The  reflected  light  from  the  ground  and  from  the 
object  being  scattered  in  all  directions,  it  will  there- 
fore follow,  if  there  are  any  projecting  parts  from 
mouldings,  or  cornices,  which  are  in  shadow,  such  as 
mutules,  modillions,  dentils,  &c.  these  projecting 
parts  will  hinder  a  great  part  of  the  scattered  rays  from 
falling  in  the  spaces  between  them  ;  and  therefore  the 
spaces  will  be  deprived  of  reflection,  and  consequently 
will  be  much  darker  than  the  prominent  parts,  even  if 
these  prominent  parts  were  also  in  shadow. 

For  this  reason  the  intervals  between  mutules, 
modillions,  dentils,  &c.  are  darker  than  on  their 
fronts;  for  every  projecture  will  condense  the  sha- 
dow on  each  side  of  it,  if  recessed  on  both  sides; 
therefore  the  spaces  will  be  lightest  in  the  middle, 
and  darkest  nearer  to  the  edges  of  the  mutules,  mo- 
dillions, dentils,  &c. ;  but  to  show  on  which  side  of  the 
mutules,  &c.  the  greatest  shade  would  fall,  according 
to  the  place  of  the  luminary,  would  be  almost  impos- 
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sible,  as  it  depends  so  much  on  the  situation  of  other 
objects.    But  suppose  all  the  surrounding  objects  in 
the  vicinity  to  be  removed,  and  the  ground  and  build- 
ing to  be  of  a  light  colour,  and  suppose  the  rays  to 
proceed  from  the  right  to  the  left  hand  of  the  object, 
and  parallel  to  a  vertical  plane  which  is  inclined  at  an 
Single  of  forty-five  degrees  with  the  elevation  of  the 
object;  then  it  is  plain,  that  since  the  angle  of  re- 
flection is  equal  to  the  angle  of  incidence,  the  greatest 
part  of  the  rays  which  fall  upon  the  horizon  will 
therefore  be  reflected  from  the  ground  parallel  to  the 
vertical  plane ;  and  seeing  that  the  vertical  plane 
would  be  on  the  right  hand  of  another  vertical  plane 
perpendicular  to  the  face  of  the  object,  and  to  the 
horizon,  it  will  therefore  follow,  that  most  of  the  rays 
will  come  from  the  right  hand,  and  be  reflected  to- 
w^ards  the  left  on  the  object;  and  consequently  any 
projectures  from  cornices^  as  mutules,  &c.  which  are 
in  shadow,  will  condense  or  darken  the  shade  upon 
the  left  hand  of  the  projecture ;  and  that  vertical  side 
of  the  mutules  which  is  next  to  the  luminary,  will  be 
lighter  than  the  other  vertical  side  on  the  left  of  the 
mutule,  &c.    As  to  the  direction  and  effect,  which 
most  of  the  reflected  rays  would  take  from  the  face  of 
the  object,  imagine  a  plane  parallel  to  the  sun's  rays, 
and  perpendicular  to  the  face  of  the  building  or  ob- 
ject; then  most  of  the  rays  will  be  reflected  from  the 
building  or  object  downwards,  parallel  to  this  last 
mentioned  plane ;  and  that  part  of  these  rays  which 
are  reflected  upwards,  would  take  no  particular  di- 
rection to  the  right  or  to  the  left,  and  therefore  would 
cause  no  sensible  difference  upon  the  vertical  sides  of 
the  mutules,  but  would  reflect  most  light  upon  the 
horizontal  or  under  sides,  &c. 
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What  has  now  been  said  of  mouldings  in  shade 
having  projectures  from  them,  or  of  the  recessed  parts 
of  any  object,  will  apply  to  ornaments  in  shade  which 
are  deeply  relieved ;  for  their  recessed  parts,  accord- 
ing to  the  foregoing  observation,  will  be  deprived  of 
reflection  by  the  more  prominent  parts  of  them ;  they 
will  therefore  be  darkest  in  their  receding  parts,  and 
lightest  on  the  prominent  parts. 

OBSERVATIONS  ON  THE  SHADES  OF  PROJECTURES 
FROM  BUILDINGS,  OR  FROM  ANY  OTHER  PLANE 
SURFACE  CONSISTING  OF  LIGHT  MATERIALS. 

If  there  is  any  vertical  plane,  and  if  a  rectangular 
prism  is  attached  to  that  plane,  having  two  of  its  sides 
parallel  to  the  plane,  and  consequently  the  other  two 
sides  perpendicular  to  it ;  then  if  the  sun-shine  on  the 
plane  be  on  either  side  of  the  prism,  the  other  opposite 
side  of  the  prism  will  cause  a  shadow  to  be  projected 
from  its  edge  upon  the  plane ;  and  if  the  shadow 
upon  the  plane  be  of  no  considerable  breadth,  and 
if  the  plane  be  extended  at  any  considerable  dis- 
tance beyond  the  shadow,  then  the  lightest  part  of 
the  plane  on  which  the  rays  fall,  will  reflect  a  great 
part  of  the  rays  toward  the  prism :  but  as  these 
reflected  rays  will  not  fall  upon  the  shadow,  it  will 
therefore  be  deprived  of  reflection :  but  as  the  side 
of  the  prism  which  projects  the  shadow  is  opposed 
to  the  reflected  rays,  that  side  of  the  prism  will 
receive  a  strong  reflection,  which  will  cause  it  to 
appear  much  hghter  than  the  shadow  it  throws  on  the 
plane ;  but  if  the  shadow  be  projected  farther  on  the 
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plane,  it  will  diminish  the  reflecting  surface  behind 
the  prism,  and  will  also  cause  the  reflecting  surface  to 
be  at  a  greater  distance  from  the  side  of  the  prism, 
and  consequently  will  receive  less  reflection  from 
the  plane ;  and  in  general  the  reflection  on  the  prism 
will  be  continually  diminished,  according  as  the  sha- 
dow on  the  plane  is  increased,  till  at  last  there  will 
be  no  difference  between  the  shadow  on  the  plane, 
and  the  side  of  the  prism  which  projects  that  shadow  ; 
and  if  the  plane  be  entirely  deprived  of  light,  by  the 
extensive  breadth  of  the  shadow,  the  side  of  the  prism 
will  in  general  be  darker  than  the  shadow  on  the 
plane :  but  this  will  depend  very  much  on  the  situa- 
tion of  other  objects. 

A  building  consisting  of  light  coloured  materials, 
having  a  break  in  the  front  which  projects  a  shadow 
on  the  building,  at  a  small  distance  from  the  break, 
will,  for  the  reason  before  mentioned,  be  much  lighter 
on  the  side  of  the  break,  than  the  shadow  projected 
by  it  on  the  building  behind  it ;  also  columns  which 
are  attached  to  a  wall,  will  project  a  darker  shadow  on 
the  wall,  than  any  part  of  the  columns  which  throw  the 
shadow,  provided  that  the  shadow  is  not  at  any  consi- 
derable distance  from  the  column ;  for,  according  to  the 
above  observations,  the  broader  the  shadow,  the  less 
the  column  will  appear  to  be  relieved  from  it. 
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OBSERVATIONS  ON  THE  LIGHT  SIDE  OF  A  PRISM, 
AND  THE  EFFECT  THAT  REFLECTED  LIGHT  FROM 
THE  HORIZON,  AND  FROM  THE  OBJECT,  WILL 
HAVE   ON   A   PLANE   BEHIND   THE  PRISM. 

The  rays  of  the  sun  being  reflected  from  the  horizon 
in  all  directions,  the  projecture  of  the  prism  will 
therefore  prevent  a  part  of  the  reflected  rays  from 
proceeding  to  the  plane  behind  the  prism,  and  conse- 
quently the  plane  would  be  something  darker  than  the 
face  of  the  prism,  which  is  parallel  to  it ;  but  the  side 
of  the  prism  adjoining  to  the  plane  will  throw  a 
reflection  upon  the  plane,  and  therefore  it  would  be 
difficult  to  perceive  the  difference  between  the  face  of 
the  prism,  and  the  plane  parallel  behind  the  prism. 
As  to  the  difference  of  light  between  the  side  of  the 
prism  which  is  perpendicular  to  the  plane,  and  the 
plane,  it  will  very  much  depend  on  the  situation  of 
the  luminary  ;  for  if  the  luminary  is  in  a  plane  equally 
inclined  to  both,  there  will  be  nearly  the  same  degree 
of  light  on  each ;  for  very  little  difference  will  arise 
from  the  reflection,  except  the  luminary  is  more  in- 
clined to  one  surface  than  another ;  and  then  that  sur- 
face will  be  darker  than  the  other,  according  to  the 
obliquity  of  the  rays  of  the  sun  on  that  surface. 
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PROBLEM  I. 

Given  the  ichnography  and  elevation  of  a  base 
and  capital,  and  the  seat  of  the  sun's  rays  on 
the  ichnography  and  on  the  elevation ;  to  pro- 
ject the  shadows  caused  by  the  several  parts  of 
itself,  and  the  line  of  shade  upon  the  base. 

Imagine  the  object  to  be  sliced,  or  cut,  by  as  many 
planes,  parallel  to  the  axes  of  the  columns,*  and  to 
the  sun's  rays,  as  may  be  thought  convenient  for  the 
purpose  :  then  it  is  plain,  if  a  ray  of  light  enter  any  of 
those  planes,  that  every  part  of  the  ray  will  be  in  that 
plane,  and  that  the  projecting  parts  upon  the  edges  of 
these  planes  will  withhold  the  rays  from  a  part  of  the 
edge  of  the  plane  ;  and  the  lowest  point  of  that  part 
will  give  the  edge  or  projection  of  the  shadow  of  the 
part  which  throws  the  shadow :  then  if  a  sufficient 
number  of  these  points  are  found,  a  line  drawn 
through  them  with  a  steady  hand  will  give  the  sha- 
dow ;  the  line  of  shade  will  be  found  by  drawing  hues 
to  touch  the  several  sections  parallel  to  the  seat  of 
the  sun's  rays  on  the  elevation;  and  a  line  being 
drawn  through  the  points  of  contact  of  the  sections 
will  give  the  line  of  shade. 

*  It  is  not  absolutelj'^  necessary  to  suppose  the  plane  parallel  to  the 
axis  of  the  column,  as  in  this  Problem ;  but  the  sections  formed  by 
planes  in  this  position  are  more  easily  found  than  in  any  other,  for 
which  reason  I  prefer  the  above  position  of  planes. 
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Let  HIJK  be  the  ichnography  of  the  abacus; 
H  S  K  the  ichnography  of  the  ovolo  ;  and  M  L  P  that 
of  the  astragal;  the  lines  G  Y,  F X,  E  W,  D  V,  C  U, 
B  T,  and  A  S,  are  lines  drawn  parallel  to  the  ichnogra- 
phy, cutting  the  front  IJ  of  the  abacus,  and  from  the 
seats  on  the  ichnography  and  the  several  seats  on  the 
elevation,  the  shadows  may  be  described,  as  is  shown 
in  the  elevation:  then  lines  are  drawn  to  touch  the 
most  prominent  parts  of  those  sections;  and  the 
places  where  they  cut  the  other  parts  of  the  sections, 
will  be  the  projection  of  the  several  points  as  before ; 
and  a  line  being  drawn  through  these  points  will  give 
the  shadow. 

The  part  gfeis  the  shadow  from  the  abacus,  and 
deb  the  shadow  from  the  ovolo  ;  thus  the  point  g  in 
the  elevation  is  the  shadow  of p;  f  is  the  shadow  of  n, 
and  e  the  shadow  of  m ;  and  the  shadow  of  the  other 
part  of  the  abacus  would  be  where  the  dotted  curve 
line  is  represented :  but  as  the  sun  shines  on  the 
ovolo,  in  the  middle  of  the  abacus,  it  will  throw  the 
shadow  lower  than  the  dotted  lines.  This  will  be 
found  by  drawing  lines  to  touch  the  several  sections, 
which  will  give  the  points  B,  C,  D. 

Note.  That  the  line  of  shade  on  the  torus  might  have 
been  found  in  a  very  different  manner  than  is 
shown  in  this  Example,  may  be  seen  by  the 
circular  ring,  Plate  83. 

Much  after  the  same  manner  may  the  shadow  and 
lines  of  shade  be  found  on  the  attic  base ;  as  is  shown 
in  Plates  93  and  94. 
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PROBLEM  IL 
Plate  95.    Fig.  1. 

To  find  the  shadow  of  a  cylindrical  recess  in  a 
wall,  whose  axis  is  perpendicular  to  the  plane 
of  the  wall ;  having  the  seat  of  the  sun's  rays 
on  the  ichnography  and  elevation. 

Let  Fig.  1,  be  the  elevation  of  the  wall,  and  C  D 
the  diameter  of  thp.  cylindric.nl  recess ;  and  let  E  F  G  H 
be  the  ichnography ;  bisect  CD  at  a;  draw  A  a 
perpendicular  to  EH,  cutting  it  at  A;  through  A 
draw  A  B  parallel  to  the  seat  of  the  sun's  rays  on  the 
ichnography,  cutting  F  G  at  B  ;  through  B  draw  B  b 
parallel  to  A.  a;  and  through  a  draw  ab  parallel  to 
the  seat  on  the  elevation,  cutting  B  5  at  6 ;  then  on 
B  as  a  centre  with  one  half  of  C  D,  describe  a  part  of 
a  circle,  as  is  shown  by  the  dark  line,  and  it  will 
be  the  edge  of  the  shadow. 

Much  in  the  same  manner  may  the  shadow  of  a 
recess,  which  has  a  back  parallel  to  the  plane  of  the 
wall,  be  found ;  as  is  shown  at  Fig.  2. 
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PROBLEM  III. 
Plate  95.    Fig.  3. 

To  find  the  shadow  of  a  recess  constructed  as  in 
Fig.  2,  when  the  sides  of  the  ichnography  are 
inclined  to  the  intersection  of  the  two  planes 
of  the  ichnography  and  orthography;  given 
the  intersection  of  a  number  of  planes  passing 
through  the  luminary  perpendicular  to  the 
plane  of  the  elevation. 

Let  Z  6,  W  Y,  T  V,  and  Q  S,  be  the  intersection  of 
as  many  planes  passing  through  the  sun  perpendicular 
to  the  elevation,  and  let  Q  R  be  the  projection  of  one 
of  the  sun's  rays  on  that  plane  ;  also  let  H  I  be  the 
seat  of  the  sun  on  the  ichnography,  cutting  the  back 
F  G  of  the  elevation  at  I ;  from  I  draw  I  N  perpen- 
dicular to  I  £?,  the  common  intersection  of  the  ichno- 
graphy and  orthography  ;  from  M  draw  M  N  parallel 
to  QR,  cutting  IN  at  N;  through  N  draw  NO 
parallel  to  M  U ;  on  O  as  a  centre,  and  with  the 
distance  O  N,  describe  the  arc  N  R,  cutting  the 
side  of  the  recess  at  R  ;  through  the  points  S,  V,  Y,  b, 
draw  SR,  VU,  YX,  and  b  a,  parallel  to  Id;  and 
through  the  points  Q,  T,  W,  Z,  draw  the  lines 
QR,  TU,  WX,  and  Z  a,  cutting  the  lines  S  R, 
V  U,  Y  X,  and  b  a,  at  the  points  U,  X,  a ;  then 
through  the  points  R,  U,  X,  a,  draw  the  curve 
RUXfl,  and  the  Une  INRUXa  will  be  the  edge 
of  the  shadow  required. 
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PROBLEM  lY. 

Plate  95.    Fig.  4. 

To  find  the  shadow  of  a  hemisphere  niche;  given 
the  seat  and  altitude  of  the  sun's  rays  on  the 
elevation. 

Let  IN,  GM,  EL,  and  C  O,  be  lines  parallel  to 
the  seat  of  the  sun's  rays ;  and  on  these  lines,  as 
diameters,  describe  semicircles  IKN,  GHM,  and 
E  F  L ;  dravi^  the  line  A  B,  bisecting  O  C  ;  from  any 
of  the  points  E,  G,  I,  as  0,  make  the  angle  O  C  D 
equal  to  the  sun's  altitude,  cutting  the  side  of  the 
niche  at  D ;  through  the  other  points  E,  G,  I,  draw 
E  F,  G  H,  and  I  K,  parallel  to  C  D,  cutting  the  semi- 
circles E  F  L,  G  H  M,  and  I K  N,  at  the  points  F,  H,  K ; 
through  the  points  D,  F,  H,  K,  draw  lines  D  d,  Vf, 
H  h,  and  K  k,  perpendicular  to  the  diameters,  cutting 
them  at  the  points  d,f,  A,  k;  and  through  the  points 
A,  k,  h,f,  d,  draw  a  curve,  which  will  be  the  edge  of 
one  half  of  the  shadow,  from  which  the  other  half 
may  be  drawn,  as  is  shown  by  the  figure ;  and  this 
will  give  the  shadow  complete. 


In  order  to  show  the  apphcation  of  the  principles 
of  shadows  to  enter  buildings,  the  following  Plates 
will  be  found  useful  in  illustrating  them.  It  will  be 
unnecessary  here  to  show  the  projection  of  every  sha- 
dow, which  will  be  only  repeating  the  same  method* 
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described  in  the  foregoing  Problems,  with  which  it  is 
supposed  that  the  reader  is  already  acquainted. 

From  what  has  been  said  in  the  projection  of  sha- 
dows, the  same  principles  will  apply  to  finding  the 
shadows  of  the  niches,  Plate  97,  projecting  the  sha- 
dows of  the  columns  on  the  door  and  on  the  wall  of 
the  octagon  tower,  Plate  98 ;  the  shadows  of  the 
upper  part  of  the  same  building,  Plate  99  ;  these  two 
are  shown  entire  by  the  finished  Plate  100.  Likewise 
the  shadow  of  a  building  having  a  portico,  as  is  shown 
by  Plate  102 ;  the  manner  of  projecting  of  the  shadows 
being  shown  in  Plate  101. 

In  finding  the  shadows  of  the  objects  as  in  the 
foregoing  Plates,  I  have  in  general  supposed  the  lu- 
minary to  be  in  a  plane,  making  an  angle  of  forty-five 
degrees  with  the  horizon  and  with  the  object;  and 
also  in  a  vertical  plane,  making  an  angle  of  forty-five 
degrees  with  the  face  of  the  object;  in  order  that  the 
shadows  of  vertical  and  horizontal  projectures  may 
throw  shadows  equal  to  their  projectures,  from  which 
we  may  judge  the  projecture  of  different  parts  of 
buildings  from  the  shadows,  even  if  the  soffit  of  these 
projectures  could  not  be  seen ;  however,  I  have  not 
always  adhered  to  this  rule,  as  may  be  seen  by  the 
octagon  tower,  Plate  100,  in  order  to  show  the  sha- 
dow of  the  columns  and  the  roof  upon  the  third  side. 
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From  what  has  been  said  on  this  subject,  many 
practical  and  useful  rules  in  shadowing  may  be 
deduced,  but  as  I  have  far  exceeded  the  bounds  first 
assigned  for  this  part,  I  shall  therefore  end  with  ob- 
serving, that  from  a  consideration  of  the  foregoing 
examples,  the  shadows  of  all  objects,  however  com- 
plicated, may  be  found,  as  every  object  may  be  con- 
sidered as  compounded  of  prisms,  cylinders,  spheres, 
and  annuluses;  therefore  each  part  being  projected 
separately,  according  to  the  rules  for  its  particular 
kind  of  figure,  the  projection  of  all  the  shadows  in 
that  object  will  be  completed. 

Although  I  have  given  correct  methods  for  shadow- 
ing, I  have  no  reason  to  think  that  the  artist  will 
always  be  at  the  trouble  to  project  his  shadows,  for 
as  drawings  in  general  are  shadowed  to  an  angle  of 
forty-five  degrees,  and  as  I  have  made  choice  of  that 
angle,  he  will  therefore  still  find  these  examples  to 
be  his  only  guide  in  practice,  as  all  the  forms  will  be 
sufficiently  near  when  copied  by  the  eye,  and  drawn 
by  the  hand  of  a  judicious  artist. 
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